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ABSTRACT

'There currently exists an extensive literature on the economics of

education. Part of that literature addresserthe use of educational

prc,.duttion functions for the measurement of educational output. Host of

that literature has been directed at elementary and secondary education

with only a small part directed at the university level. The dominant

critique of all these works but particularly those accomplished for

institutions of higher learning deals with the measurement of outputs.

40st critics agree that educational output is multi-product and yet

nearly all developed models treat the output as a single product

function. This lissrrtti' in tti., ttghl. r-Xlmners existing literature.

.Aevelops appropriate joint product theory, and applies the theory to the

measurement of output at universities. The output; selected for

measurement are finishers and dropouts, although the value of dropouts

to society is not precisely known. These outputs have the effect of

creating a study on attrition and its determinants for universities.

Ke methodology selected to develop the models which is turn test the

hypothesis that joint products of finishers and dropouts is a valid,

worthvhile output measurement is that of linear subjective econometrics.

Out interesting facet of subjective econometrics is the development of

v prior opinions through elicitatios) This was accomplishesAsing o-

pinions of 'experts;' those who have experience with admission processes

and implicitly the attrition of students. The institution selected for

study is the Air force Academy. Three general classes of inputs were



described with scale of admissions having a significant role in the rate

of attrition., Entering class characteristics were also of statistical

importance in that admissions policies hhich admit classes with in-

creased academic schieveesot levels while at the same time have the

class be a more homogeneous unit are policies which theoretically will

increase attrit.on. The third groap of inputs, institutional charac-

teristics, exhibited mixed results. 4The major contributions of this

dissertation are: (I) the appropriate use of joint products in measur-

ing educational outcomes, (2) the methodology of Bayesian econometrics

in educational production and (3) the integration of educational pro-

duction function literat Ir with that of attrition; i.e., the use of

dropouts as an explicit output of universities.

iij,,, .,7

V

4' p,41i

/4-.
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Ifir i+ma i ,oi tth.ijter I out I ities ,,he spe( if i university wh i h

ha% rxpiessrt ,,,n4ern % ith the attrit ion problem. A set ond data set i.

.41 t , rt lIv ,i.( rihel. The set ond study i in( luded, not netessarIly

- . tasis tr , ompar, s.(n i t s nearly Impossible toI examino- two

simi IlI' rnt it irs %ithout making a ,ompar1son), but to give a broader

fhasr ftlv the test ang -I theories set forth herein. The Chapter al,,

explores a brfe history of the etonomic s ol ediucation and pIesFents a

stimary of the methodology used in this stdy. Chapter II is a review

of the literature as it pertains to the edutational produttion fun ttion

appc, ,ah to the et onomits (if edutation. It int Iludes a review of the

literature pertaining to attrition at unriversi ties. Chapter III con-

tains a ietai led explanat ion of the theory, models, and hypotheses

proposed The data des(raptaons andi analyses are found in Chapter IV,

with the un.nlusions. summary, and recommendations oit this dissertation

In (hapter V.

Specifi Prcblem

One university hilth has shown tot(ern for the problem of attrition

is the Unated States Air lorne Academy (USAFA). The USAFA difters

smewhat from the typital university in that its speif ac purpose is to

edu(ate ant prepare tareer officers for the United States Air Force.

This mission is accomplished through a four-year program I
of academic studies, leadership anti military training, physi-
cal education and athletics. Completion of the 4urriculum

entitles the cadet to graduate with a Regular Air Force (om-
mission and a Bachelor of Sciente degree in one of 23 differ-
ent academic majors.7

Because of this unique mission, the USAFA can be likented to a small

private univerbity which differs from the larger state operated
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S"rtIa IM , i I It I l v erie mfl t ( cnt 1 title t hit thI % peseS ric, Sjet I aI

1, t (A) I ,-mi, H' v , m i, I v ii I I t iig more !, tl ,ii t., (lin( reasin% i f imt .[ ,t

,per.it entfs t I --.. r, I n xr ael.iat It'll re-t rut em nt S ,  the- ,e, goals I S tiel , i

s.iat a ', f Ied. lhceeve r , the USAA ,iperates under t wo 44deIiit i on I isI t t %

h'h (h *ak th te Itt i t a j ru)h m ) Ie om I .trg-. 'I te I rst is the I i i i tl d

IIt.c ii ltv -Oglistrasjltc at the Ata~ul-my t(.,et ciearl~t,ri+es loltjiii 2, te() I
,,det ruotUso1. The set ond is j ld tt t ,at ion p sd',l by a ,. I, it, ,

Ltngrer%5 author, zed a cadet wing strength of 4,41/ students as of I

(Otober of ea(h year. 1 3 Assuming a unitform attrition rate for ath

djass over all four years of cajets' academy experien-e, Table I re-

I flects the hypothetically possible ,ittrition numbrs and pertentrges
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hi .ha. eii , I t ' , V' i I . .a I, .1 1 *, .1 . ,' tll I . 'l v l u tt i m I.it I ium

|,+.:.'a ct, II- t t It ti t I. ,ifi Ilt ip| I st thct It It h1t , I .' I, It II -

I it s 1 g.thet i aIlituI"t th.t th " thir, ,it eI .aIlvv I'. n-t te% r.it ,

t,,l Ii ly k '', t % p.r Ki.a .at r fe ,f- IW " ,t' hI g tIt I.t .O fiLVI , Ii It IIV

a h tl itllr'iit s tt 2 It,ii ye.a t s .111.1 t het l,.i I tI he.m It % r.j ,i.1i ly

,t -,; ,,u%, tit.$It tht- I 'l .l I 1i im+%l. lt e I,  e I t t-11 1 1 ,a It ' I c 4 11tr .lild

,.iliflot ,x I st iii .i ( ol 'g V riva1 tii'll'it l hlt-iii , t tit- . r t iin prtilem

t14 ing the I S.?PA air,) inay othvt univii-sity whith its ic 4l erned with

keepirig 1 1lrger pit 4p1t ott 4 o1 beg im tig t re-sli n t hrough to gradut Iot
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.et otti Data Set

The .r nd ,o% r r ,f data exam I ne, ,ries f t om the I ;iivers itV "1

Itah t-vvar Mas tI erf atu. iness Admini Nt rat ion (Vof F..BA) program. It

I, . l] t. r'-empha.si' tht this se t nd s Ilv if ; Iot a compl , ished I ,

the pr imaIv P ll pose "f 4 1,.M r.Ison ui th thr It ir%t .tudy hut rather to

1WI-. e iild It I naI des( rI I't ye %,r Iitra 411 a 1 M 0re A rd1 ag it t I it Ion I r'in

hlih ' r cia at i n

Ha, kg I it i -n (the E( (,umi (s oI -hit at i (in

The et. ,ri,-m .i s ed ( .,t on -s a su I b I r4 t ,,f Interest was virtually

n'n-exi st elt it II appi oxImatelv the mid 4(s. 1 Sincr then the inter-

rst has gr(o.t at an alm,,st exponent ila] rate,. uit il today there are well

ver 2000 1)ie , e,, I It.rat re on the suh -tec t hrse data are only

tved to sh,, the inteirst in this topi. This author predi ts that as

"l-iiiat in .sts '1It mile t) limb the resiurte expenditLre ladder more

,f mie 6il Ih adedJ to the expanling list f referen-es.

Evenm thmgh this list if literature Is relatively long and still

grourig, the apjiahes used to stAV the toplu Vary (onsiderably. One

siuih aproa h. a therry o)n the elhonlma
i 
s o edutation, is the "Human

Capital 'thery " Ith, tisu premise 40 Human Capital Theory is that

variat ions ira labr iniome aie due, in part at least, to differences in

Iaho quality tin terms ut the amount of human capital acquired by the

workers b .there have berei ,-I~ varia t ions anid maly r t 3i ue s put)l Ished

about Human Capital and the variations esipouised by various authors,

(Cohn, 1979, pp. .17-) but the bax.t idea as or iginally put forth can,

be depited by FtiSure I.

A se(ond approa(h, a methodology which is widely used in all areas
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I I tte iil %. IIe .1j. IIt R t ,I 1 1 0 F jilp' IHu I .ini -i ' t ~ s ml! I av it Ii b l

.11 I i.H I , I Ibh 1,0 mil. I '. t li , I v h- - i 1 i Ir A4. A ~ )i r t Ie (I te, r Iima

ipS I[prit IV I TI k "s t -he iit hIv I ' i l Aime Is v I to v I. in t--tie Valuem Rule

4-4ili. at I , is% Ii I s -" t - ii I It .eio I I 4 . t e.t illI q uv% t-e p're. iIrig

v I'i -, tii 1 f,4. t - biie tI it ii I v?,I i I1 ettol 4t 1ii1 tot- I IK -, lotthh.ikke i

I 1Y H.. II v I I 'tt,(h 'I S be ker "(#t, ',. 1 md Hansiienr l 144 )

ft a .t I ts.41 ~I *I 6 lip(),.* r 1 1, J1111iI fix .0 oIpi -.1t h 1-h i s ipp t ,.t t h 1)romo t e's

jIlodm t i'.ity ini 4 sokit v tby *~ti hmrg rxpr.e ted4 Arm.auil1 or ski lis with

hr rtpply (of t hose skilIIl . Me- maian put pose tof this intthod is ti)

torriast. moinpow.! ieciis fly skia I I t ategur Irs -in14 1 bn trans It-Um those'

v r 1 uirrinrts Into eduiat iil req.uireraents (Kohn. 1979, 1). i116). lier'C

too, there are SeVrAl different forus of eduvational planning. Pirrs

(1962, Ec kaus f I9b4), and Fla(c hut (1968 ) havel, aII usend t hr "MAnpowe r

kecjuirinrnts" approach. One called 'Social Demand" was used anid
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i I'' tit . I I r inutt h-.i fI ulh gl . 1 n Itlmi fly, lt I r+ .It I l Il
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' t , h " M I :. i 1,.. 11 1r r 1,. I lic .1" 't I I l i' I, lfl " '1 r 14 itIn l , 11 l ,v Jt It fl , I

I11 I , tt I me t U llill iI I ti. t1 ritr ttIv he fl. lliln I laI it) t" t 0 eiI
l,' .I th . i c I, , if, Ill,+t , 1+t 10 .h1'11 h.1 1,n 1ut '! t a + t , ,

I I lh i t t1 , m , t fit- I i t . . Iit $-'f' it, , I t h+ '| i, i 4,m~ 9,l t l ~ t , l

0-1 .i ,m , l r '. t .,, -+ .I, i I ,, I+ D VI,, I, l} ' . ,t II [ I'+it,.' , I 'OI++-4 f , I ~, ' 1 .-1 .

. , t ,
-  I-t t r+ to it I .It, I hui t ut I 'll , l , I Iv.*t ,-Ij .ii , Iltl 'Igllt t '

t tc I. t+ I f ," I ,~I - q . rI. # lt I Ili.f a it+, ,,m v I t ,, '. I I,'t.1 ,','1 I'1.") .1 l, n 196 10

i ltr, i 1' , 1 1' + , th ,.- I . I ,, 1V ," . , .'.1 1 +', t hir d 11 ,,,1 t ,I n ,I t t ,"

+,+ ,[l ,illv', . i€, I , I -,IfI it+, 1 ud+" L'W l'6¢, ky ( It' W ) , o t' l I+ -. ka;t ] l I if

! l I'0 + 1 11~ . 1' " -'t 1 . ,-, I 1 0 , , , i1.11 l' i t- + .111. If( I l i r ' I 1 10 (}), 't , -

-I vtlt I I .J, (,I IJ I hI.II t t- ~I :) , il~d . l, 1 1hl l~ ( I /'O(1 , 110,7: )

Ali,tti-wth,'I m l,, - te ti, ,, I I,l mi is Iy I Ig t ht- V(I II IIIo l .S o V 111it+I| 1ol L11 I

It tr, itj i t " use o I tlit- r-,hit at I-'ir r.tlu m ti ll ttill( t I.ii. led t1 epr indt.-rr-

rll hef I | I I us l o~ll oill r(|ut a t I olnl1 1) rtoilttt t I oili till( t I oils t s I r s 'Iv t

lot (.hpteor 11 ()Illy dr| 4l1101.111t Stl tll fell to feXp) ,l llt thr IllettO11010gy 111

t i s+ pap r I % pItsrfit rd hr l re
I
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t lire til I s h., I .I pt itk I IrrtuIkIer'. .1 I I% smI Ii l y,~ lif- ms th vn I it ,

A. t I e Y h11 ii! I 's I'* it. [he w Ut- I* I I I he t i v m irt iit des t I li ~t

i r t . -. st Ii t Ie- I , l etei ivma e 1 h.1 1 i) ris soo s~ ne it t1 1n a

li.' 1 -- b1o. 1h n'li I h n v fromf .)ltt 1.ive-ni . 1t~t it of wood, lo t 'rt t t 11 str

f, .111-t Flift f-IitodI lv t.( )Is' 1 e h I v v t ha tf 1711t4.l tin t is tise I m It n-

wi re piu; t ii p ltot f- hs . [tile-, R~t1( I ,1111it U~ 411t r. , thec )-pOi t Ilost

pir, at~ iit heI- otmtidvit-r siimult~ttii-ouitly 4h .1 set ot lirodl t~ Ion

fw t 1 to 4T c H i ts we-vs- , I It hr- p soout' ts Ar I In ukedi t ogs-tther or perl-ct I y
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_._--_. out put N -GRAUATES

--- ------ NN-ATTEND[ERS

figti .i i vet i . t v I'rodwu t i (,it Prot r% h

-up Ird t o . h .i .a v t.lat thre launt it y ot one ptidut I . given

t111 t I on 'I 3i1"t hI't , roi, , the the tot a I out put. of hot h produ t s i s

eIrr mitie,I im|j, I i i tl I v t e quanit t tes t)f tie factors, auld the simut-

tareo,. svsterm ,f porm lJs t ion tuni ti b, is not req 1 
"' redI lFristh, 19' ,

p, '70- 1 1 Suh is the .ias, thtoughout this study. Jast as the cha ir-

makr knitt. thjt. gi ven as ertalit ,uant aty if wooti, if X number of

I a iti shedi tai rs .re pr,,iu el', t hen Y of tnt i ni shed (ha is w ll aIso

ircIlt. I .,I a tiltiver.itv take% i i a ( rrt a n ltanumber of students , if N lit

riot g Itt l e+st' theta to w.ill F or 1 41tterent number ot students 4 differ-

ert mix ,f N And G may ,* T l:herefo,, tihe multiple output ,as ln-

dtexefl, Fiay t'V omr tnif t lon of It he f .tt I(1 of N: , IS . t unt Iol of the

num-ber of studenits admi tted tstale) and seveial other factors, intluding

qual aty of input all, some protess inputs, which are def aied as individu-

a varcables later ati the model deInitaun (see Chapter 1l1).

The approach used herein Is mac4ro lit the sense that the study does

not center upon the tharacterastics of individual students or the mtro

decision prouess a university may employ, but rather upon class charac-

teriatacs. The utiversity problem is similar to that of a large auto-

mobile producer vhere the Environmental Protection Agency directs that

the fleet of automobiles produced must meet certain minimum standards.

S
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A,\nv ,,n,"i' .i rdior i e m., I I I I,.)v Ohrl I ) I he des ;red st .alard 1,1t th,

t I ' ,,via. I I must mr,-! I ha t t an a td, . sI" ml 1.r 1v , a y' ) I .tiieint m y

;wt mi t I liv ' rI Ii i e r I I tI at( r St . l l l11. hitl the Ill lIve r" I t V g I I% f r

thf. KI ,ur, 11,t the IIdv lIAl l hi. i., e.pe( 1i* , Ilv Import.ant in th at

I hr I v t IV t I v , ex I', t 7. ,' -.f!,'v met h | ItoI a inivere tv I )-let ri'mirie it

'J, ItIt r ,- 1)" pre i I I f rm p -'.-Onn i oIo(-I) tetIlfg. 6, (h I ($d aliVIalala I s tajaleit

I. I i i , ' I ,ut ,,f a,.) I egr I ,pe ,I ,,l iI.,t. h , 1 1") ,'a p I, 014-' , .l " BaF ' I

.an %a-rl 'ih , [ ) Thu., thcr" I'. tr, assail.10n e that *iny pairti(t l.ir

%todt'v I I I I Is Al t , igi o.lt i,,Ik It aI, pir t iaes l the entering t is

,h.r.1a t I.i t its Whiih mi.t tie eva at .tet inI ,letermin rllan the proper mix of

st f-fit :, t hust meet the it I It0ra aol 1 Is t I It 1 1 S t It ut IonI1.

Ilic A i Frt re At OdemN ., by %vi tue o f It% g,,1 It , have" 1,000 gradkli-

at a~ [i I .,s. i .i I t -he 1 , rest r I J t I Ig the it"t a i-a f 'Pt ,stud 'ts onJ 30

"t11| intaael 'It v-, I v'i-. I. a la Iae. vs a , I ingie.% t. it a -pt itt rat Ion it

trIm li - it , pc r .*vII I f- 1 .0, 1 C-:. I , .tnl 1 ). Tr . I-te v, tie thtra t e e -

Is! 1( 't th ent fIaIK I I r-shimaa t L.s Mit t,- !.iat th.at the ,- epted

It I e t I I l I t h r.awa I a.,te,. a l ° e mt Pm" t'Me mphas I% I iS not Oil e.ath 1

pA t l .tt Ii 11 1 %t walent at -nt rat " It I sI upia| t hae ent era a1 g I lass Ii tt-tII

That i , fiiav tic emphisis tit thih Stataly is pIa<l - the mix o students

,h it h b h Ktl XI ves tti e hI. tiac I ri st at t so t hit deJs i rl retent toln goals can

be. *( h I ha e j

Ithe relationihip between the inputs and outputs Is defined through

the use ot linear subjettive econometrics. In short, subjective econo-

metrias emphasizeb the distribution of the coefticient values, not just

the (oefftent values themselves as ir (lassical statistics. And, the

posterior distribution of (oeffi(ient values is a weighted linear t-onvx

coebination of the maximm likelihood estimator and the prior mean with



,~I ) t I j I s. I I -isi ia I I tie- )'Ie f ., I ,l!. v (.15 ti c [h rv' Is I mlix iAm11

I Iko'l it . t ''t, Ima.It , s,% .II vt d' %''lj, I IIei v II h , slu .. I r ssr i isri % ,i

. 1 I, , m 'erlertI ' ttis'e psr,0,fliri'l i ivelV irsvI1vesl Ill th#'

i.1ms'.i.r . i e,. t ht, In IISAFrA+ [he m,,tl'l .r I" Aee If a e ie .sliiig the'

I IIV. I t k. I' b t 1 , 1 .t I ,flv. 55l .f l 'r 'qs I , it t i t t'. 1'I s it .

i! . . .it , 'ist ef I as t Ih.t .Iat I It iIIrl r.it f '. rv tor #'.Is h ,'., Ii

0!, * . '' .I it e m, t- I'. i ' c,-'0 I % I d qw s, I l I t I lit- ' it lit I " I

#,.1 11 I 'vr It I c lit it I ,i . i s hl,,ItI tI lt l. ,t' ,rs i t . lh 'I Itoi ret ,,r - t her. .r "

I '. - ' . I m, - I . 'I pis,,his l , isit I I tihe I SA A rI-I,e .'%er iri trig I hm.si ,

'. I I, } MI f..'. ll ]I,, ,w, !,-'IlI,,s I Iev'fel It .li it I. -I Iii ,llit i4. li, thec' i

i ia I 0.' .1t c lt," ' - i s ' I I cIt I tli (,lit pilt I, t hf" lit Iv It I V tso I gI veli

Vt. , I ," I - s st-it I. put Iit ,tim. I ind N t r S. hI letI vel I A

1. 411, t 1s+ , i t 11 .t ,, lit vxt , I I , t I r, , .t it( t'.eS I it I k simpI r t I oi

I tgic-~i , , ,, i 1 1 tf h itt I I% Ii -- n Itii ig% 4rf

I

A:, i% n t , . eid 1. 1 m i I. t.t i ,.lit %

[tie vxj t I.Im li1 I h all slils ,it loihal [si hlU to n1) I iig n t Is,,i ,hl s t.ike

i list kiw ii .i t It rt.I I lfit v

Ihr stev alth ,I kuti . le'sge t sli e i rll ,ig the l ",rnlin , pro('%.i,

make-- . 1 1 -pr ro: .s,,r t i li t t tisill t ,rm Iot the e t imlt in si

0.stls . I , I, I ; IssAlit IIi r I i ,t n. Is ps part a ular ly it I i c lt
Hit - t',t ,,t slimi ni hiS rig Mar g lsa 1 ) rsdit t Is appraIgig,

.1thstigh i,,t wt- I I rt.a l ilshlf ii the f isIl ot educatioft l. A
tunt t io It I I iiat i the Iog ri thas ()I the vat tables woul .t seem

.Ssed'ha t sjp r t I iar at ularly in v iew ol tie p)ossibility ot
poh It IVe Illt ra tt iel% b)ttwern I lipt)tS. Nevertheless, the
rest Filt t ois ) t he (:ulb-Doug I as I urit n t n are severe

IBoWles, 1970, p. 191

howles ([970, p. 16) indicates that he prefers the simple linear

additive form., That is the form whith the models take tn this eftort.

Another limitation imposed by the strueture of the model is the

-1 '.4.. . " ' _ " ' II ', .
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se' I ,e'1.t to. t hiat Ito t, I m I ir the imlei of degro-es' 1

Ii ee i I Iridr ,Iu . I I mode' I' tat a d.11 tlase to I ie tSAY Iit t Ie% a. t

It , . et'. It ,fat.. 1 -111t % The- Itrre%''. ,-f fre'.om jux Itkly di-

Irn tsh aI ts mo te .Iid m(,,lv va rIibI#-. are I i, Intle.,t i n ! li- od.I. oTher ef Io r,

the" .[ r ill %.i'. f I ft $t e l i t I t'le Weir I rm, t ed l 1t ., t u#ill+ I ele. t'd to

tf%.t , t+ I -it, m- I II I ,t . ,t I o Iut Pit . S., ale , 1 u1111t1 ,i.i11tV ,I aI 1) 1 p (r e Ss

t, h- I,,,R.,

An,,th-.r limit it i.i i, i t the In Iu tor it.awun tr,, m thII study.

e I t ma t I" lit fat lle a Iute r'X m l c ti's t he .t .i i t eI Ist I I oA t a

X I.,111 .0 1 Ing UI t I t o p e I Ir e, uI.st It tt Ioina I out put , Ili r l' I'ilk VS tr1not0

he- , awn .teut th e ( or re'si Ainr idivi etua I -L-eve I hat i. ter st t( s . The-

-,,It ju.itr, Must of I)t(.("SitLV tie I ittited to grou, Itonit lusions. Hoew-

ever, thi s aproath does provid- polity value to the inst itilt zonal

,te, is iori maker ln that the Analysis attempts to get at the determinants

of the output mix of N and G.

i
Suma ry

This chapter has outlined the need for continuing emphass on the

eioosits of redutation and an extremely brief review of various methods

_er studying the subject. The particular methods employed in this study
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,\,,*1 I . i t., , i,- tt it lh~ii , tr'i [ . t it," ul.. irm i* . .1 hi 3.,r lit th-ir 1 ll(th

I -It I' [I I . t I it t i i i ,I tra ii fl t i . l ex el hs, r aned, .lit tht

,i It it0 1 iA I I I I I I II *q t , .it t a1 I L (-,l It l if. I I .It th ei -

.it 1 .t,. I i' I I,, I 1 , [ I 111, t -1 I pl ., , ', It I' . ,i . 1 i t I th the od le,l e ,ture

lI t I ,01 it 1 .1 '4 I Fi t p l i II, t ,I l ,,! ! l i t r u . it | nri" eX ra lyt o,.,

h , 'IN" t i1, .i 1 , iI.t %i I i i th rM if,. -it t. xt !,it I t h I ,11,hI m, th o r t ie

Mo. t .A I N I ll '. "i , . i f.| f. - - tlit - t r ,l ,i, t I t o it ( at I Ill ri tr I I 
,

i i t e it f-1 iC " .1)1 I i i It thIat #, t , .f 1r1 tu v -I. S I th iie t It ,ill flit"

M.1 1- .,t in . l Ih I ell 11h A %Ofhapt le r .11 i i 1. nto1) t ile mij t ido It y k,,t

thiided rito irea of. to., u.si ht,.o pidethI redai+ i ty|l ndr€ diotoiepr

ll411A -1I t tl,li -j, 11I it .1 1'.+ Il [ fliatki,, I v hil " It ,thf-I r, vi e r y ,|e ript ive ,

I le t0.ite' #i I'It t I to ii t subtoics in whtilol . t reiiry, teI s

ihatvr % i ltev I i i I y stis lrton, reitvonae Iitrlture l attrtton it

I it v or %& i f* % 41i,I t he tose tit t r odotl t a in~ ti nt t I nl i t tl tit- et4ll.0 lilt k ( o

e~iu( t l ll lhbrie-foiP, thi thateisif J dividrd~ intotw o major lirttions

(Att titi ion &ili pio~dultt on fun(ti~l t tos )Pith ra h si t tonll ibring tuirthe-I

tbiill Itol Are-as of totusi tu plrovide re-Adaililty 4nt dilo to, pro-

v lid e tiesit ri re fe rren te to Ipt c ll ( s ulb top ic s i nl htih l the re ad et r way b e I

interested. S~elected st~udies on attrition are included in Appendix 0!

while studies using educational production functions are in Appendix C.

The general impressions one gets from the selected literature on.1
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titt it , l tl be' .i-s IZno ,i l l Ied i the l ,)l.tig % tmull l-rit s AIt ho |igh

t I , 11". v.I. " treII t . -,ml. I I .i d .it ,11 ,M, I V , % vt fi l . I l K , il' 1 lt ihqe il1!i t I-

1 it I ,,II f hr m.Ill t thi 1%i t I
, ,  

r etlt , aJ lt , it l Ii vr s r it I v , Hea i )i%

L.ti 'tt. I fV t t I ipitiK iitf ii ,leg' t" ' KelieiP .tv imifir i t ,i#'11

I it' '.t Wili . . pe if ,I melt .iill vcet t -he i,1. l%', i t i the Ii t i ulif- t IV

V ! A i , .iel, -A t V e met I f I lit Ili t i 1i Phti i t V I ti ' I.t Ul'ti1I % Wi I

. ,z fif.rm gr.fil t itt Intl l,. '.n) fI ) .lt .- lit ,,1 .1ll I ,1 hmvit

'titr I lit ll sit I v I S llt tIIl. . , ,mj, Il. 1 .t1 i, I .g . g l l <, thet. put -

;,-++.v% ,f ItI Is I .. I t .t tt ,it m, n t, t he l t a I I % , t lf I It ni t Ile- )I

,ilte" tirefl+ t g tt l- i i I lll'ez 'IttgI the + fli l rb ,m ,,f tlinVers~ity

.it t Ci It fit I I IX .i[.II ,1 .i lilt h r I t'g t i l#+f Itv 's i the t t it i I

.1 1 1 ~ 1 1 li t tri ,- %. - i e tl t if- I de a I elf r In v t f I u h. att e-II [I t ' l I ilt i I v I Wat t . lI I I t it

fi t t\ jf I't, ! .,II li t (I .tI. fu| t ." It the' pil gr t , I t ., '+t fliV

e, I 'f. t 1 . 1 i t -11.' tI the m j It p 1 tIl .m I r 1 it ieli. .Ifiut th ee ei-

it 1 1,.u A l iiit t fu t lit I . r.. I . Wi t h t he -e.aStlt i et "(t 1i i Jt . .put d

S I the ;r It Im.a, it pit m-.asli v, tiovi 6. 1s . i ", u .i m I t t il etIv' .1 t hIeve. -

of-tit .1 m. *e.isii ell fi teI. t Ivs I tIIIs [ tif- .pprl h sei, itl t ti .s tS.er-

jt tit h itS r .s oui h Iit Ke e Ivli.1I I tm t h i e xte't- r eIvr I ItC erIt tire v llt t he

t-' ttjli%. it througll h the" lt,,it Il ,fi, apl at h to) outtptut mea. ti+f, i rrim+. t •

At t it ( i l

What t i t ,iI l Why Study it

(VI I . sr i oft itatistith about &lly topit without firit detfili-

,,g what ti bring measured by those statistit| would be highly tal-

tat it tu. 'rhe maning of "dropout" or university "attrition" dependt|

upon the .ontext in whi(h it is meaured. One extrrme is to defline a'ii,.
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T ir1 -l f I v. itI 1 th I ii -i 1t t III.It i % st at I %It s iwhih is Siihsenuo'lit I v

I r f's-i 1, 1 .- r i Ie % e f- A r ilt 0-11S ,Ie pit) 1t r I f'd to v'1 .1t e aly kdo )tit 1tbI )I I

h te I~ I O '.'l 1 1 i mli .111 i ,$ li I 111114

%(I i t is % kii'.ti t hatI af . it lt its s ri he 'l tiled t,, suol it , he th t lis-

lI *ut ho r * why i~ sit .i t tp I I i suit I tI iit i mp)r t ant v to, sIt uiy " 'r'

ain rf'ihofi i% dUr tim' the lis.ts , I ru~i at ioi aluready meuit itiied Ill

ihAlit er I tto t hosr st udernt who dare aimi .t t'd to a Uli vot' tN it y but ditop

,tit mud niever srarn degrees , the I ost to the individual * he uiivursit y

anid to, so( i et y i s h i h- -bot h i n moncta ry anid nromat a ry t erms. Mel

aormonet ary terms are probably as impor tant. as the monetary our1s, Ali

example trom Lawrente S. Kubie illustrates thist point.
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When A uises up a place in a medi( al school of engineering
st h'o] and then ta s ot volunta ily drops out, A has lost
that fisr ipl ine not one but two possible scholars or prac-
titiotnerrs i.e., himself and H. who would have been there in
A's plat r it A had not been there; and H might not have becomr
a 1rop.,1t

IKu ie, )(f6,. pp. 2t,-7

Thlr',e !,,( ial ( t.' , ts annot be evaluated in monetary terms,

ihen a st l ient leaves ol lege before graduat ing, ie
r,'tkes a Yat| mey o I eswoinse% from the so( ial milieu, f rom his

t,- le ge. f*rfi his pa rents, ,and from himsel f These responses
m.a t- some degrec be appropriute and reasonable, hut they are
,,ft en -.t tongly tolo,,r, by the kind of emotional cxc ess that an
individlual '*s devi.ut ion from some widely at(epted an( insti-

ttit toanal ied value iytem is apt to evoke ... In the state
,1 present knowledge , it is of (ourse diI f iotlt to demonstrate
mnc lusively to what extent soc iety, whether at the national
l,#vel i, otherwise, is guilty of premature judgeoents and
emotionalism when it looks at the college dropout. There are,
however, hittt that the guilt is there. rhe dropout is often
referred to, t' a dra in on nat ional resources. tie is presumed
t-- represent waitted talent ,

1Pervin, et al., 1966, pp. 9-101

E.qually as iminTtalit tn the 'why study' category is the allegation

by tope and Hannah (11W), 11 p ) that most university faculty and ad-

mlnistrators take- a we-would-rather-not-knottitude toward withdrawal

data, and thus the extent of the problem. So, if it is a problem

(enough evidene has already been aited to at least substantiate that a

reduied attrition rate would treate a more favorable illocation of

resources,) attrit in studies tan be used to highlight awareness of the

problem. Other potential uses of such studies int lude "the building of

iodels that will allow the predction of which students will drop out

and of the number of students who will drop out." b And, of course, to

determine from the studies what, if anything, can be done to lower the

existing attrition rates.
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1.0 - '1 -- As.t in St uwy, k.s-ins ftr Co I lrgi I)r,qP)outjs

Wom 1 ' (ve ra

Wo Whol

LAS N. St I te d Raik SeI I , Rink k Rank

Ir. I' it .. oe '. i' I .'te I I2M .

i i~m I 1 I Iii I E~ 9. '

.t 0ir I I ',., i . I. .. 4 28

.O 1 I .I t ,'v

Ar- , I I ti' I v,!

I-X I t. K

I" I f i' ( ' 4' 1 I' l

D IIt ( kitty I ti t 11Ki

D ifbI t y r t 1 1 li t

1)1% l lmary t~t rublei 2 12 2 12 2 12

aLat h. dropout was givec the opport Unity to setect a maximum of thre"

ledlsrnb flow the list of twelve. Ilence the total percent bring Krr.dtet
than 100%. tnformat ion for this table extila ted from Astin (1975,

tp. 14.

.r!

l4|
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Tabl' %--ltfert Study, Reasons for College Dropouts

Per nt Rating
the Reason to

be of Some Rank of
Importance Importance

rasoll Men wom'ri Men Wolm n
Illness (selft 7.)2 10.07 1$ 7

Illness (family) 8.6 10.07 14 ii

Finantial (sell) 4i.48 16. i6 2 1

Financial (family) Z9.66 2.26 b 4

(C llege too diffz tlt 26.51 19.94 10 8

Needed at ho~e 12.59 12.51 12 10

Marital diffIult is 1.02 3.32 18 lb

Full-time )(b 24.1 37 11) 7 2

L.onehomt anI unhappy 14 69 16.55 11 9

Marriage 10.bq 49.20 13 1

rt, long t(, tommute 6.5 6. 5% 17 is

L.ow grades 40.00 22.92 4 b

Military (drafted) 24.62 0 5 21

Military (enlisted) 45.17 .97 1 18

Lost interest 48.00 33.01 3 5

Academic dismissal 18.14 6.90 8 13

Academic probation 21.24 10.09 9 12

Other probation 2.00 .44 20 19



Pe'r(ent RAtiril
t he Re'aso~n to

tie of Sone' Ramrn Iffb
I mj.rt aue i(rMpyor tan(l

tie 1 .1 1 I %

TiIpI10.1 I % uspl'Il I '0 tt.212

4t'I i I.. ti ''i'' t t i,u tn t wa.s a f 11 tr, Ie'd t he I ppo r t if fit y t r ' selIe t m t 11)
ira-uf I--mthef I i' 't t twenty-ine. 'ren theyv we're to rank them in

ordet "f imprtaum e. 1eetormi~t ,m for rasif' ) %a% ext rat tedi from It Iert

1)Thefvsft -loanns arc hase1 uepon the "meaviC f at inx of the level (it im-

piortan .ro ,t the- e..soe 1f, dr losp-it" t' mcre .111 Women respet livel y.
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(%,r tnote III, the mi litary irasns n, fll way out f the top five.

RlIat el t t hat i th ic rrI( eas d 't'" of lrpiiout fol lohinK the repr al )f

the i, t lai ,s as di%( overei bv Tinto ( 19 ) p '11M His f indings

i 11.ite that mil. st uldent % we r u inp hihet erdu at ion as a hedoge

,.i.arIFet hei ig dItaft'.

t(,mpi re thr (omlne-l result% 0 If fert ind Astin with one of the

("iti 14is e st itement !.hV s li t"n

The ta z at tris iit si t thI i i i. t itt i t ii - - rers oi i rres , A -
I I i ti s , Ir t jri tur I at i xem nts. ii ompoitiii o f i t%

i'ml,'e.Y- -pIla e limits uii- th. drve Ilpim.nt aintl int egr.4t ion o f

inlividuails hithin ithe- instituti l antl that lead to the dr-
vrlopment of ( .idemi4 id ,. ial ]imates with whit h the
Individual must ton". to Krips, rhese same (hara teristius are
Aisi, tru- with resp- t ti, th. s,,t i l system of the (ollege
si lie muh IropUt .Appeals t, result from a 1ak ft tongruenin
betweeni the ildivlii.i Idu ll ti oc smi, a t Iim.ite of the list i -

tull ,n father that) anv ,pec if il t.tilure "ii the part of the
i ii,| i 'i ugs ]

ITi t-, t97S, p, III

I t hei out hors coti lue, ther rel,,r t .by saying that ac ademi

mt iti , i.tid I i nant v emerge iu. the most immiortanit determi iants o f

VIredtI t I ix Who 4i ght Drop iOut

(Giv'i the reasois ti dr .opcut, i it poss itble thenr t )red itt with

muth a( t- ura wh ti I I Jlrp out 0f ( ol legr" It has already ieei as-

rttrd lid dotumented in Chapter I that there exists a gteneral inabillity

ti predt t whic h students will drop out of college, especially when

uh ing preadlmision testIng. I I However, there does exist some evidenite

of certain (haracteristls which may lead a student to drop out of

school. Attributes (sex, race, and ability), precollege experientes

(high school t.P.A., academic and social attainments), and family back-

grounds (social status attributes, value climates, and expectational

ii,,
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t] imale.s. all have both dire ( and trdi ret impacts upon performance in

and rtibseqolent cop plet ion of college. 14

The following coriclusions reached by Kowalski (1977, p. 77), while

dare ted t,) the preditti, of individual student Sli(-C%5 as opposed to

the appr,)ach taken here, do nevertheless shed light on acme of the

un,|eriying cause% of attritinti:

4at It is unlikely that a student with academ|u disabilities and

p. isnal |,ressurcs hill otn!i nue his edu ation.

(2I Students who, have a(adem i and person.' probl-ms (an be i-

tent il ied as potential dri -pouts

() The eLibat ioii lvel (of the student's father as highly indica-

tive t-L whether the studetit will persist

(4) A studIernt oho, mintains a positive personal relationship with

his advis(o andi other fa(ulty members positively influences his (hantes

to, remain iii s hool

k' ) H4avi1g a ,ler Iiht' edut at ional goal Iin mindt ehan, es per-

hilsttit p-ksibl lit ie

Items .4 and 'i ,,i i de rlosely w ith the Cope and Hannah (1975, p.

I1 . st ate rent that the must important fac t,,r i n a university's holding

po wer (over part i(ular students is the student's Identifi(ation with the

.ol lege. Studerhth are much more likely to persist in a school which

they have chosen because of its clear image -alues and the program it

offers, it the student knows what he or she wants.

The model of selective admissions based on test scores
and grades ib inappropriate. Colleges should plate more
admissians emphasis on "whole-person" indicators of ac-
cosplishment (creative writing, a hobby in science, a goal itt

life, etc.). These students are much more likely to become
outstanding individuals than those with high scores on SATs

and ACTs, which offer virtually no indication of capacity for
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x i I to ant Inte It It al or ac-sthet i( cont ribut Ion tn later

I Cope h Hannah, 19', pp. 104-SI

The answer t, the quiest ion whith begRan this sect ion (is it poss ibir

t o i dent afy who, will ,frip oit") I a q ial ified "no". F t qtih i I If I( at I on

.ire th..t rrtain %twient (h.lra( trristi(!, aid student ha.rkgrolund (har-

.1' try ist its may Ic-act A student to drop out of a uninversity, As t he

I it r Ia t i e khw, d fiow.ve r . one o f t he m.st import .int .1spe' ts of I

1111ver: it V liolting port toVer st uideits fI,; the extent of ide-nt aI at ion

hat rach patiitul ar stntidnt has, withI the un iversiaty. This wojuld ciseem

t,, Imply that "h+ddik powes1, might ov.rvtide the <hara(teristics and

t hi s at t(count s tt t he tict rrta int y of preilit I ion.

At t i i t i on Summa I v

The %tat tiot t i t m a ttrit ion stulies, itatit.ite that unly 40 to 50

pritent -of tlcegiuiing t/et+hmauli ,lass will grautate in tour years from

the inst itut ion tf itst mat ri(clat ,i. Of every one hundred students

entering a university itt th FIultel States, .p p roximately forty will

fievel g iclute A gomf simai (if the ireaons for attrition, predac tioll

(A bIkjtter. and tht- stuldir performed is made by Huber.

. uantlitativ e lltliti s are useful ill a rough sense at

the lowet end €if the scale Io[ placement purposes and are
quite predctive when onli- deals with the lowest two deciles Ina

that there is some as.urantr that these students cannot
funition at a satasfattory level considering their present
level of preparation aril ability regardless of other factors
of interest, motivation, etc. But for students In the mIt anid

top ranges the degree of correlation between these data and
attual performance and retention is insignificant. Another
way of expressi g it is that in those Ease% where it is clear

that the student (an function at a satisfactory level, or even
unquestionably at a superior level, most, in fact, do not so
perform and either voluntarily or involuntarily leave school.
. . .It does not follow that increased retention and gradu-

ation and a comparable decrease in attrition will result by

increasing the level of prior academic performance for ad-
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misI (or omp (.at itun the 4,talt itattive appioa( h to a smI ion
hb wav o f pi or grades% and test stor.es

IHuher I 91, pp,. 20-11

rhr'e t ont ItA.ions, hased pr imar y IV upon the studies refere etIPi In

thr hapt v as well as in Appendix R . support the ifot iol 4f a stdlidy

,h i I i . mad r,, in nattire . Si h a study i s oIe- whit h exami!nes las. *ntl

I it Itit Itmal h.arat terIstI. Iit n iel of studyInl eaah irndiV IduaI

AotjlJet whei r m at tempt i s made to det ermine whether or not %,a i-

'til,-nt %-il AtIol tom the iivers ity. Such 4 ma( ro study should expose

determinaitt s ,t att r ition rate%.

E:dut at ona| P rodt d ( t lon F1uln t lolis

stnhy Invedst m hentt t

-,,ft the iurp,,,ses (i to ls lissertat ion. higher erucat ion is t reated

s t o+Iiiv.'P tme'nt Kood++ Chapt!.r I out I inl the! .Jor) it prod(uc+ts As grail-

.Ate% (G) ii tlllritiat!. (S As aiready stated in that thapter.

Bet kri +I 1.4, p). i iI ;u;ggt!.sts that some t ol lege, referring to dropouts.

iS . fr-lat ve]y u11)1- 01 Jta.ble jiveStlIint. Should !d.it at ion he d onsidi!red

a ( <,astmpt iol Xgo,, tht. output N would have nf so( Ia I value, only value

t,, the (ttnsua.. lit spite of the re.ui temerit that edut at ion be an

iivestaeiit good to permit the use of N as one of the joint lproduit S ,

Cvid|ent r support ive tif the tact that rdu at iol is eith er 4 (oniuapt 1on

t(r investment good is presented.

i Blaug (1970, p. 17) says that in Keynesian theory, drtlult.4ton its a

consumption good, not an investment, because it is paid for by the

household or the government on behalf of households. The Keynesian

definition is dependent upon the behavior of the expenditure units, not

on the nature of the good purchased. Generally consumption means ex-

hausted in the present calendar year, investment means using current



"litpullt to geeI at e Ii ghr ontpu lii Ir t he f ltulre 111) ag, 1970, p . 18),

Vettlen expre'sed it this way.

The quaasi -paacahl r gentlerman of l e isure , t hen , riot onlIy
*'riaiiMC!. of the staff oif life beyond the minimum req~uired for
sobs ist ence andi phyR (a I ef f i ten( y, but hisa consuimption a Iso
undtergoes a spe, iaI i iiat i on as regard% t he quaIi t y of goods

ollsumed He consumes f reely and of the best, -. ,In the
proc ess of g radlual ameli aorat ion whic h taker p1lace in the
art it les of his consumpt ion, the motive print ipIe and the
prox imate aim oif intiovat ion is. no doubt the higher efficiency
of the improved and more elaborate products for personalI
(omfort andi welli-being. But that does, niot remain the sole
pci:poser of the it coi umict i onl The tanon of reputab ilit y is at

hand anud se i ze sti h i nnova tions a% are,, at ord inrg toc its
~t ind ri fit t- survive Si nip the (onsumpt ion of these more

extelilent goods is an evidence (of wealth, it betomes honor-

IVehlen, 19b%, pp. 73-881

Humpan Capital Theory thalleuiied these educat ion-as-a-tonstamption

iSeas to, make edi, at ion #it investment. (See Chapter 1.) "Human Capital

is. the piceneit v.iluec of past invetcitment s in the skill s of people, riot

the Value of prople thrmselves. " 11 ) ourse , all who have writ ten on

(hirekon"lomi i,(.1 ofo e-ti con using the produict ion funict ion Approach inl the

interrst of bioad publ at po.l icy are treating educ~ation a% anl investment.

A higther wage lot educatedf labor would reflect an ex ante
berlief in the gtreater produttivity of the worker with more

titrat ion (anti cx post van f itat ion of this) over produttvity
of the average worker drawn from the labor pool.

IFuller, 198., pt. 171

icil Ir ( 1982. p. 41) further asserts that if schooling imparts

Productivity differenfeb, the graduates' first full-timie job should be

direttly affected by the level of education attained.

Coinwnts sudi as: "Edtucatioi is productive," or "Individuals do

not appear to attend school primarily for tonsuapt ion purposes," aiid

"School attendance appears to be justified by its ability to affect

wealth." )6should leave absolutely no doubt ini the mind of the reader

that the author of thuse statements favors education as an investaent.
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Still 4thet- Nltinr thle edurt aon.41 produi: iota lioesr at rxplic it

tUNf Irm tit N inetment I'sro( E'N5 by wh i h i nput s ~tuadent ,t eac ter s know-

ledge ani ,.ki I1, and edut at ional materials are brotiRht together and

t tanf,aimed )nto a1 final prtodu(t--thr gradi uaIte I

A i gam.rnt(it it n be dvnAmt a I l prs ernted t to sipport ela(n at t on a s

cithe: i onr.wu% pt oit ior IIvestmet.rn What at re.l ly ( onor- down to is an

,iel,gi ,al argiument basel on del irit bt on andi eel (I the one present ang

the at Xaimenfit, and -let atiat tons are uled an .an at tempt t,, just iy the

aipr, ro h fa of cah part Uj ular iuth,)r . lowevet, it one is ctitq'a t It with

pub I p, 1t y , then etu( at a (on be( ome s in t tave t ment ini the use uf a

I,, -at t it,iI tint t on requia i aig inv *,tm-nt i llcn tat bras t % app roprIate.

o ras 'i t the f kint t I 'i

A hait o 4I a on .a quan t I At i ve, app -,.I( h t, ,P %t r be thte re lIat a ontsha p

bet wee: ,tie v.al u ih | ,t ha ,epe dras t,,t ,a ,,tftr valie or set of Values. The

etie r a Inot at ii i an t iev(I at at iaI otitt is. F:t I X where X

res ttle. LiVeII l an +i.at Used i l)r4ddlt t ,l , edua tat ilgi, andl I(X takes

on tert ai I A hiarat ter ist it s .tth as Ic)notonit t out i nuotus , tit Ia t-erent -

iable throughout. but at is niot really as simple as that

We later a pervas ive ignorante About the producttt atoni

tuoi t in oI edt a t iona, that is, the re Iaat aoship betweel
schooI inputs, on the one hand, anad school output as ktr-
vetitaonally measur,d by athieveum-nt scores, on the other.

18laux, T , , J ]

Thas pervasiveness aside, most studies utilize some simple torn ot

an additive, linear type function, whether that be log-liniear or other-

wise. Bowles (1970, p. 16) prefers the simple liear additive form:

11) A, 0 + b lX t *bo2X2  bX u,

thwhere A output measure of i student,ihr



'.11 i.imet PI-- of t lte pJ ITu II.tI I I liti t loll t u he' f~t I

1 A I A Li~c'ii I *p 7pte-vi v. the I iitia foim for thle

f u I 1t IntIl. 1 i~ 1 -114TI-rII f in 4t "u, I t JillI, t I in eit e 1 v t he ti I th,)II jgenle I

ii ~pI f I t ho' . nm .e .ii ,iu ed W1.1 .t I v.4 I 1 1 f.1ippenls .1' s

I I.s i I I t t he e , .1 i 1 'li.1 1-1 1~ ;' . l.e I ItS. .4 )fiit/ 1v

I11 -%- "Ief t I ll I1.1 At0 .1 , l 11 1 1. 1 It ! I it Ie v . ittit huw 'i

.h-naixi( !.t em hi0% U.r ke-Il i t hie pai t ,r huhi it oull he madle
t, %i k li t hv lt t I v The m,Iev omplIerx ini mote *iynatm i Ihe

I-- cm . lic I r- I I ke I v -tI i livrIt t 'n I .ti i ni I V% v toI V ir'Ii

I * I.t'I Ilt iel.r . t tit I eR K I es sI ill .11nt 1 Ys. I s. 1.t Is t

,I, -. I .vrIlm I . If r 1t I ''nsfIiJ.. I I that 1 0 . %o t , I Ili.-Ifprideiit
.I I dI 1-, t f.in e- i-i I imr ii cI it i I. m tt her.% thte 'Ii rr

ft v, . I, t tie c ent t .. itf l i~e- I ike 1 y toI " uniditer-

t IM. tf- Ilie. ki- .ini 'it hi nn N 7 ', p). 14

f I t h.t I I-.sIi * uvet I h-n.Ilh I hie nmii .- i , 11 It e-pt eel I ourlt o I Ii I (.t I

.14l.t 1~ 1 ' 1' t liII. 111 Kh I i Mt-st x vIi I c 111v .1k . 1)terd me tIuodi f' millt ijule

If* Ir i .1 g I ea t I ft irv mlui%? lie- .idl't rd wht) xf-11ri )e 1i 1 IiI) g I Iunt

%('iith 1 icIl .11lv t u pil ui 1 h ~u tlta .;~ln u

Iijii I oni, I t tff'f oaE% impjuf-1ivit i. rm tue ~ I ii firt aI I t hc ipit h 11

'I)I~tstt usedtu init his~ p1 Quill tio(1 prot-sh E~ffo rt s to (1r~i'iift tie re

I AI I uiist I p be-twrenf In1puts hutiii out Puti K egani 1tt ra I irs t I n ther lt r

lIlIt I r% I lV,)Os A dira( ript tun (it typital aIputs wil II Iau thu-s

Si t I o1,11. Outputs we ill fol low.
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I inlptt'. I n I t n" iml- ea ' l , v] l , .I ri ,i t 
#, aII cl io]1 ( ..11.+t 1 1 eI 1

t ,m - ,I)#- '.c It m,/t hI,, .. If 1 a.1 it I .it iIrI St cadent A h tir.i t r r .t I I .,

1, .t... ,' t eI, ti , I t , an, .i t lier I ,)M lIII11: I Int rin' , . r ,cil t if I .a

"1111 And . ti ,mbu.i li ,f t he," l s I pw.!.i, 1 p third 
.  

Weh I([

h, pr,£11 ~. I aii , w.0 ti I x I on ~~i , mos t .nujt ha'. I r vfcre it'I

It. -I In 1 i11, 1 v~ at 'S-'. a .1 s r 1 ouutu 1 1 1 gI II ve

h.i .1 -1 1, 1ii. l etM , mc .% i i' tfiht meast, rcmicri't h t !,,, im ,tut it hse f i-

,t i ut .. 1 t I Ili%- ,"1. t ha t 111t m I aie I va < n- tit at wt , I I - -le- t zI

V I *t I I I I' t tit L iV ( t A Ii ( X X MVma'I %ir I, "

Al i njit . most b. mea urvl ,i, ph.sii a l tt.ims m+i m k -ing

I' I ', i 1 c , t i , r te , i 'r% . I t ' I m k halixt. I it qia I it V S" I• I

te i ijiut % irv h ,t I- ge ite-,-if. , i-t is % i mp, -% 11e t ) Im I til a
% i rI l , h ' r I ll ,I ni t 111 61 ta te oil 1 , iL b i f piessedit .

II itIu)g7, 1'Of, p. 2 11

t I tif- 1 .rl1 .htI ,I., t he 1p a ,It I IM be, omf m ve (t f I lXlg e at oil

It i -, Ltilem i%,f ,ten dIr Ie It with b ,vaggnat aig severalI

- 1i . rt%, .I '.'.i It] rs Iu t - .1 I ragI) ll ilit me.iSut- , o t f- xamvple,
utili expriit tit vares pe,,r pupil i ,are usil to meas t st hoot Inpt t s
Iit' Cxl,-lid Itis' e E SItit - I.% III 4K9rIe'4t i (1101 a vrI ut y I

ir.i 0t. ' II11 RiIn.wIt Is I Iiput t 4c ti a expe rI I en , Itegr er
t .At i. % t + t a i K .i I .ry , inal t ?io t t- hir- -tii-pup II rat io. rThe

,11pp , T i At eui. .r.s I f t h' -tO l I ex t I,,il on epetds tipoll t he pu I ti Y

injr, i ring askeoi
IH, Im el ieIr , 14 7 4, i) .p.

Ihe PutWI ii SNe'fVi IVS .at 1yti0ry ut rugetown;li tlti ver it y ti les

.Iil, .it Ili.aI ,it( (Pat- At the resul it a r nuaig whit h ,ll t ts (I) the

.iv4tiii earit aw id evelotmeat ot the ildiv idul *I, (2) the iiudlity ot Ilving

i1t the Ilidividuil in the o il I, uouuIity i it whi tie hi tunwt ons , and i ) )

the ,evelopment of the sotiety ira whith the Individual lives, that is,

~i



TV i al Input Mcasures

St lito l Hldi. (phys(al %tire of (ampus) Age
Sttu,lent indep e ndent study t ise Race

It ho,,l srle (number ,f pupi s) Student I Q.
T."at hei s, otio't 'nomit .Itatus Librarv size
T at het vethal abillt' Soc I'al status
Teathei tilegir ,tattis Administrative
Pup~l I I-Ira(het fit Ine Father'+ , 3n( -IP

I 'at het xpri lett r Fath r' s elucat ion
. ,I male tatihels Mothet's ec|u( at i on

giior i. T p a Iik. Inputs f,,r Educational
rd, lt I 14i Yint t Ion%

i tF CIIIt n c S.. ( at , -. I and po It I aI system. In spite of the gaaidant (P,

thre' n,i ont enlsu. o)i what tie (jutput otf r'dtla(at ion I s or what at

% fti1.1 e , mSt ana I yse , ,f riftj a t a on as a ) rodutt 1 n p rot es s t o us

24
or .1b 11tV r a t haveasrt tests a s a measure of school output. At a

Ievri t,'lt, the niv'rsa ty, a batterv of tests t omprased of (I ) Iowa

Test-. ot Hasit Ski I I I, (2 I .owa Tests of Edtit at tonal Development, (i)

Stat,,rd At hkevemeat Test, and/or (4) (ol leg.' entran-e tests (ACT and

SAT) hAve typ al I y been used. These staniardized examinations are-

mstl, IV genirally usedi bet ause they are (I) single vet tored, (2) ,juanitI-

liable, and ( o ttrelated with most other desirable features ot edu-

2 t,
at ion As a result, most authors time these exams tor aui output

measuie even though they are tritial of them.

There are a few researchers who have also considered other measures

of output su(h as student attitudes, attendance rates (Katzman, 1971),

and college continuation or dropout rates. Some of theme studies are

examined later in the chapter with other studies being detailed in

Appendix C. Figure 4 presents a list of "ideal" types of outcome

measures.

But what output measures have been used at the college or

~~4



Mr~i it ( of F.% . [it (rf little Irna

9e.i',it I 6-it k Ski I II
Mra.iu I v s f ( ,xtil i r e ki I I Is

M1e *Iii rr r t Advan I ll (1pU itunit e s foi t ie-

hiiai.4 I I pil at Ii.II aj t ( it hl I IItget l(r.1115i
Me.4 " tr' I e J-fi m I Lv. V I I I age , #w) I i-tim Lev,'I s

t Kfo~i-6'lge, Sk iIls! . at At! t i le'.

j I RiU rf- "41 iIca I i l r t m 'i' "I a, 111 7'.

n I'crI I t' I Vr 1 P I, ,ilit ~I .) lhe- ma I '. I r ) 11c~m Ill I Ils aie. Is til-

i' Iu,- t 1 11 .Ini me.1 !.aaIremr'illt Ill put % . thti-e rel It her Ilig thtiit ve ry Itew

~t kid I s v -,[ tit Ir'l-i t 1,I t tiri t S 'I I i ill Ih v'tw ai I I n have .mppea rent 1 11

t he I I t 1i .4t hi. Ttii - i at .,li, w it It .1 11.i I I t i I i f vr s11mellis i i 6 . donel by

A 7 e-xandc Al.It r in sii I'it~ H 1e as t liv ur i,lia~t v krt ,r d .x.imi .it si ,

i f , ! ~ie r 4'. :v .4 i t i v -f 'lit w it? Hi' ,t 11-I. I . .ine- hI It Ii s ex -

iI f I V, I 14 K t It i 1,t-I i I si it p;'eriirit)

'Us I ir t lic I IIIt sI~i mei.I Ie I't .I)tjnt , -it Ulh.tter leve I 'VI1-

cli,. i I - it 11,1- 1. 1 v , liv t Iveet IV Inpiut Mea.sures , it hers ir,- .11 it temptI

t i) '. f . 1 *i-. t rwI'' Ilill?' tn jrt res le,% Ive I * I rt 1i.i, wti II v s tIIotil i t-4r!.

AIr Ii t. I t t 4.Mpt t Me vi'.,.ua it4u t i iti i~tmi it i ty L erms s it( hIi% is er'i

mc I at % .11,11 rop ol I-it )

welt I .at r' thie ,np tit it -m % o i h- ti(-tt n l i s.itl ,n

A ~ I vv *ule l trhi's ra, 'f h i u lgher , -111.s1 141. I st UAI t 'Iri

or~osurett by t hi.ir at ter a lit it s sti i4SIA ft U Ity .taIt dS ta4f1 salI ry
S 1i4'1 S t Iat Illty-st udenut Irat Iris , per( en tage it ft Lilty Willi a

I'h I ) , nuimbe~r if I i h4I y hutoks , squ~a c fert o f bu I 1 1ng SpateV

i-tit rawi r exaninat ion st oires. of st udents , .tunt of efirttwu)4rit

4ili1 %4' oiia. Thetr Ai r a I I it)ptit s; t hey ait Ir ho t t44t1t 4. istr's

V It hast .sta.bl isted inl Chaipter I that edutation1 priidut es mut t 11pi1

oiut put FI (tiana n Co hit 19 7 9 p. Ill) does not prerei ty ( oltraitlitt thiat

towa Iuarztn but ra~lier adds fuel to the taire' i the tliltroversy al reaily
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exIst I1 I .III utit mea; irr t'v I rs protirr i iqriartit I It-t il .nalIy% is f

.1 I 1 "utput 7. , % I imbe ronate and tilnle , essiry . liltr the i)roi le.% Whit h

matst :r vt , hr i h,.rto i an rI ike l" t, p rovIde as uMa Ii ntorma I oln .1%

the rilt ire oul t put ,rt ltad at a lers r resear I f ,s , Thl. dl sertit ioIl

,ls o,,t pit I |au" (,-tit rovet ,v ,n tt11 m .i.ir- t, t est. , b lt it dor~es

I Iera tI he elm ( at 4,nu. 1 out put .. mail i-outt put and more prr4 i ly as s I

I., ilt I : ,, l t 'putpil

f o a t. It 1 .1 fu tP[ ,dII( I . r. n | t 1 '. t it I i

uIv. vf I *t h omaue t Ii ait 'Irish I p let ween i ipts alidt

,utput lt',eKJi i: t he" mid- 1VOs A pa t ia I I .t of the studies wh ih

h.,vc lenr pter timed i% poresented first ki:th hits of iniformatil 4'r bout

th r. , t f ilh t i'us ,o tha t pat I I I a t I uSI ,, ,r- d t a lel r s,a II h

rfl,,it., , f a select feu aith-rs ,,t pro.Ii tit in ftunition modrels and their

I, faI (Ius I (,its are priese(-it J i Append: Ix C

I i I )'O , 6,1i i I am I. . ,1o I I enk' p f ant S. lona I ( lvi I I e ,11(1 rese..(r h

Io: the blu.|tIl at lol.1 I 1Kin SeIrvi v. It is enerally reti og ized that

t1ii,. i S the fIrt , rge -i.IIr I filnput otpiit stuly on th" raonom s oI

elitit i. l . It Is ils, - i,- I r-,m wht iI many of the later stud i es have

I t -I itI ed 1 hey usel 4 ,6O0 n i inti grade s tu dent s from 100 pui I it s( hools

#tjf S. I/ tuelfith gi "4-es from lo, pul, it schools, all of whith were

spler ell I rrtm at rosw t hr Ln i t el State,. They used 14 1idependent var I-

A., I rh, aimong them we re shi oo , iOl-St hoo I , 4nd peer group ilt I I urn( r.-.

The measurr of output was a specisally des gnet test- Only one school

fattor was consistently correlated (in a statistitally significant

sense) with the test results using simple Pearson Correlation tech-

niques. That school factor was library and supply expenditures, while

such variables as the number of special school personnel, class size,



40

and &tudent -tea her rat is) al shwrd som influence.

In 1959, Samuel 4. Goodman tondu ted the New York Quality Measure-

ment l'roie t (NYQMNP This was an attempt to (ontrol for the affects of

parents' sot ioe ofnomit status. It was a study of 70.000 seventh and

erlventh gradefs from the state'r publit s(hools. Clissroom atmosphere

ant teailbet experience were thoth found to have an effe t on the output--

stLient a hievemett

In I J(2. lames Alan Thomas perforad a study on data collected for

I't,-i tt TATI.f. It ttlilzed 200 &chools in a national sample. His was

the first majot tudvy t- rely on regression analysis techniques for the

primary means of statistial analysis. From a list of twenty-seven

itipit variables, Thomas found three school variables to be of particular

importan(r--starting teather salaries, teather experience, and the

inimber f hooks in the school library.

In 19W., Charles S. Benson and some associates conducted a study on

shool effectiveneb% t,.,r the state of California. In that effort, they

ontrolled for student hakgrouiid chara(teristics and found that a

szgnif)(ant psitive relationship existed between teacher salaries and

student achieveaent

In lqtAb, James S. (Coleman and his associates performed the "Equali-

ty of fduational Opportunity" survey, coonnly referred to as the

"(;oleian Report." This study is the benchmark of educational production

functions and as tuth it is the most hotly debated one as well. They

used data from approximately 645,000 individual students selected by

type and location of elementary school. Ninety-three separate input

variables were used along with an outcome measure consisting of ten test

scores in an attempt to determine the school and non-school factors
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t r-IatIed to st tade It t hie, vewnt (if the %( hool f at tors *tea( hers' verbal

abil1ity seermrd ti, he the nwiqt important even though very little %ta-

t 14t it A~l as~tt iat Ion betweena these variables ira( ompar isot) to non-sf hoo I

vat ishirs was 'it overed . Nuamerouas st udites have subsequentlIy been

pr foimedl on thfe dat. a rtou the Coleman Report .One'%tit h1 study, that by

Rt'wle's ( 19~70 is. ovetrd %ubsequernt ly in grerater (let ai I an Appendix C.

fia Pit- , Iferbri t KeIr Ing ( overedt aniot her asprt t of the NYQflP I-y

4srses K Ia~anitit an'i tat put in vaiving kinds oIf %( horl 'ist r a t s ii New

),- k Ltok i n at I arge and smal I, raira I aii'! urban elementary %t hool s

he fon ti0( ign f O I t ant r i at i (JUNhipis bet ween t he iogni at ave out put mea suares

and sI kalent -tea( bet rait a o ar. we 1 I as expend a tures for book.% 4nd sup-

pl ies He' rrportre t hat nione' of t hr other vat iaalr% was uni formly

impor t anit

I it 116 ,#b I I ri~ lia in Cohn u sed t tie - nIt iem'n t a, I t.harige a n %sco res "on

I he I-. o Ir .t N E( :da t a .I m I Dr ve I opm'n t a s a n ou t pu t se a si re f or a

%Ample'r 7f 71 l)w., h igh s t ho, Itie ma Ir)r it y of wh i ch we re pub I if

Se I,.nda rv % t hoolIt.. A %signalf ant negat ave relat ioraship was found bet -

wren the out put measure and twit i nput va r iables--number of teat hers

to I I r ge red i t hou rs indt mnbe r ot f d i % rert r teach a rag a ss tgnaeaat s per I

tr(ti- hr A s ignal I ant poiIt ave relat ionship was found to exist betweena

said output And the miiedian teacher xglary.

In 1968, Richard kayvmond used ullerge freshman gradles anid composite

bcoreb on the ACT as the output meAsure along with precollege school1 and

tiog-sttioul inputs. The non-school inputs were derived from 1960 census

* data for various West Virginia counties. Teat-her salary was the only

school compontent found to be statistically stgraificant in the positive

direction The student's elementary school teacher salary was the most



it ]'Polo. Tho.mas ; , ox rep Pt rd (in t h it V-11na 1- l Ie h , ,Xa - ,hoo. , tir

iJf',t I U1' I WI IpuIt I ,SIllrr,-- l-'I|Iig %4 OlC % 111-1 1ret Vit lo IAt es-- 1ongY IthI

.1 %.me Chtit differ lrll %et f ( hooI inplt. Amon gi t hosf, inp i I lit wt eli° 1 1

t 1f11g!. .ss -. h... I bl l, 11ng lit lI 17At Ionl rate, apa.I a tv ,1 1 Re o f

ala I liiaK . b- ,k e'xJend t it .r , mall-Yr',a I s oI t a( i-Ier ald 0t If tame I ,M-

m I t tt . t t , I ,,l"I . .. titt.erit t Iamr ira .,|.e If vo( at aon, )i % ft a lr e.. * inl

-m *is, 1 It %I -It w. -f 'It 10 f[i t!n .- It, ,k expend it lii I- , ind bIa l l a rat ( a.lf.l( It

IV.t tlif ,It l v t%.-, al1 gKl Iat It ilat V.1 , I I r. rhe Kr at e.t impa.i. of t iaa

II I It 01.11 I.t 1 ,,, t t1.6t at .p es 'it ed thIt a I a %t %I Ma l t aneoli, P' lla.it a -I

M.l 1 , 1 ' , - . at 1 |a I pao ,i t a "ll.

Ia ' *it 19 fI I ttlaaatie k 1id reseat , i I i si n e ata I fi It r a.lt 1 41%1 t Iia

., 1 1i1 1it Ha1 arat ire .ir.r iIa ji,osl t,-4, l -,r m I ,t.i A a t tt ira ivvl Alt.aI

t ital,.nt l ,.f. I 1 Y. I v .1 ' t i ait' .iatt" Iv'Il. I t e , t.t 1 Ilit,, K1 01 ,1.s tbV

9le.xl ir ! t. ailer t trt , tfilit ,.tt e'llilt s 1th .a fill tier t r i 1 t t1 at i 'fe

a f igy "It "I dtrit I at . t e ' l lap.it a i',i- -m.1l it i I 1 .1), r I , ot i I t.'sed

Ili- i ,. tJ I t I A pt It tItle Ife %t S r " it t ar , titpill me"'.asi " 4 ld 1 .al1ed to

t I ,t ti- I'l l, 1 1 i i 'I a o1 1 1 th -r h1V A I taf 11 . et Wteer the tf ., m O ).t

'iNnlaa I li sed %t ,..' I I aiplit I it to I.ld t the a tll s Ia uj i s t lteid t Ieve I

rtIr'r St u.1lIes priav I4t. a refitsrnt .it atIve f Ia4vor If a-dut At 14rad1 Il po-

dwii t 1 o'11 ftu t Iuol St ud I es Wit I t h ive t yp i kl l ' t ll pr I I ormetl t t st 11, 1

tie frt ,ia (i oaf edtatioull In additi(on ta those alrealy preredlrq'-,

iere, Appeidix C detaiIs flive other authors' studies tay spe t Atlly

destrhaiag their inputs, outputs, methodology, ani results. Table 7

further provides a summary highlighting all of the major edutatiorial

produttion funition studies referenced in either portion of this
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J I &eI t at I'a

Siummary and Criti que

-lkh.it i n -it the university level (an properly he viewed as either

a ,*n s|m, ltlon jxood a'n 'In Investment. A Kreat deal of emphasis has hven

plAc,, ,n the rhidutnitin ot edutation sinte the mid l1i0. Most of the

oli+ .1 " I z.1 fulni t i,,n stj'lif have ben i .mpti shed for e lemelntary anld

se- oatai,) . .... t cith very few .+ppearing 14) uniive I+,irstj (See Tihle 7

fl . stIa \"v *.f ma j,,t 'du it itnal p1oduttion funt t iot stldies. ) The

ir tialt -I prlu,,uttloll t i mItn f',oi .inalysis aire most Kenerally evaluated in

t , Vi . !. i t i t. the ma.gni tu.iv of the elfect whilh the input variable

has .ri the '.iwt i i ri output . The sc ,ind rvaluat ion s usually the

%t .1 1st I .i l I Ki I .i 1r. " If the est imat f-4 ef Ir-t .+iL

ihe s ingle most f r ecuent t nit i que of thei edcic at i ona I produc t ton4

ftine t i,,n s t uivi ies wh i hI have been performed oinI the methdo logy ini gener-

Aii tispeat s to be the spc( i I it at ion and measurement of output. .1,)%t

author % agree t hat out t ome measurrmnt i. seli te |y a I ly A sit ter Iof Mls-

tr itg wh.,t ind ivid lualIs% know or what they have learned; i.e . test ig

kntoslr.lge, skill%., .Itt tudie., and attributes. Stith testinR is espec( iai-

v imp, r t alit fI yvounitg th It .ldi |ri e. acise sub iut u It r ma sures ar ha rdeI

S d Pve' I )p,

StanJArdazed testing ijitruuent s are niot a lways ava lI able
• and ,re riot AlIways appropriate f or aII purposeY. At the

lassrotm level , learly evaluation im needel throughout the
period of instruction, not merely at the end. . . . Teachers
must rely on observation and retordikeeping to evaluate im-
portant student behavior sut as initiative, self-direttsort,
curiosity, creativity, leadership skills, organization of
materials, and use of the library.

IPublic Servites Laboratory, 1975, pp. 111:12-.11

In spite of all the work which has been done and the conclusions

reaChed and primarily because of the difficulty in measuring output,

41I



hil tig ncakr! thte tol I linrg s-t t ement

It I-. leat that prodic tivity meAsurement oc ( cist -f-
ItI ivenevs& lila lysis amonitts to l itt le more thin a f ramework
1 c a i h, chal leuagtinit ts to explore new Ways (of tonvert lily,

-taIItv I t 4, qcant Ity a d d irect t ci old-,. .4t t ent I (it t o (r it I i I

Kaps tit knou Iedge . The magic number% that havio s.o frir
been generat ed must be rega rded a& purely ptovi151ona I.1 1 ling
f-i ant Indeed Invi tinrg ta Is ticcat c''r by firithe, it tempts it

mea.ist ing the cuaesjal

Ifi aug x ) XI

Chap'te S umcA I>

'N I a.t ge nui 'A t ho"c wriit incg atbolt thtcec 00,31 c ls 'of ~cic 1.it i ''

tiavr t-eeri ietten C~f tilt this 4 ihair t in t Appendiic s it ani C. E.ven

faii t.t naiobt-I only ~Ajpaoac hes .aI fracttion of the whole, Ftirt he r

%-I k% m -i g.IV'Ai Atlr III Another let it ledt scIIVry by Sirgf r led and Fels

I I 'I I Tr I sn% ~ I5 tio I itI ani exteiis I vc' CV evt- were t fireetolO '. P 1 1st

wI!. t pi er cli .111 ciIl 1 e 1.5 1e ton I t hr V's I Iuo s mt-t hocic I cpg I C-S

it %V O I o Va lev-d Sc in- was t cpI ov i v te .I fee IfI t he t ype s o t

I fill It %ai An c it ut II e.ctin 4m h ofl the %tutd Ie.% These stud iecs prois'Ide

I le t,.a as fcc ttie gritlt' .i methtlo I ogy and11 thte Inoput s ~seit In t hi -;

AI% sr ItaIt Io ,I t111 thfitrd rreason fog s it h an1 ext (-(I% avoo Irviet. Was I-

lprovider aI t,,s lot the (csieetof ittriticon is an ocutput. ttir'cgh

tie e-ltui It Itonal priciut t citoll~ t tiIonl Ii teiAtucc, rht girtC% Is itIt#-d

I evilewin bIloth1 at t FIt lonl I I teratc tit wr l . r AS that. pci t a in Ilig tto r-111

4at 101on 1 p roduc t I on f uct t. cons%

At t r it I on cof st uoint s was dtiti eat f irst The ma i n toil his i on a %

that of every 100 studtents entering cullege, 40 will never grAdtuate.

Reasons fur the dropout of tol lege stuctrnts itc luck t chant. gal difi -

cultceai anti a definite lost of interest or boredom with the university

routine whith is most usually the result of A serious lack of ideniti-

fication with the afflitated institution.
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A -;.< t son on t fir rdi at imona] lortodui t Ion ftrai t toils brought t ie

ha t: t to .4 le I ,111y of the produiat tI on Iunct jon %t tiJJj% were men-

t,riedf hr jel Iv with several heng detat led in Appendix C. (M all those

t f,,irts , on t .wc o't three have dealt wi'th at trit jon, and tho e were

''tns t %tent Iy at a level below the uiniversity. Only one ePduat tonal

I, tth+ t i,, fijn t ,,n study dtealt with Jniversit y prodlih t Ion--that If

Asttin- .rt' he d1ad t,,( ah|i' ss aft, tion. Those atts open the dtoor for

this, di.s.sertat aiont ''It a ttrit oi at a uni)ve r.sity us i g the editt ational

pt.,dif ti ,, an tit a,,n approath.

No, that the baa kground and the fountdatitoin have heen established,

the th',v aind methodo ,J,'gy f or this 'dIissertation are ready to he lie-

vepAtI 'Ifla, I That dletatil fol lows in Chapter III
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CHAPTER III

THEORY, MODELS, and HYPOTHESES

Introduction

Chapter I argued that the instruction portion of a university's

output is, in effect, multi-product. That multi-product output is

examined here in Chapter III using graduates and nongradustes as two

separate outputs although many other classifications are possible. The

chapter begins with a detailed review of the theory behind multi-ware

production. That theory is specifically applied to the problem of

attrition at universities. The models are then developed. A section

containing hypotheses statements will conclude the chapter.

Multi-Products (Multi-Ware) Production

Before proceeding it is essential to have clearly in mind what is

meant by multiple products and joint products. Multiple products are a

reality for most firms which are in the business of producing goods.

These firms produce a multiplicity of goods. Everyone agrees that

General Motors is a multi-product firm. They are multi-product because

they produce locomotives, cars, and trucks and each is produced at a

plant separate from the other plants. Therefore, GM i. able to assign

and separate all inputs to the respective output iti advance of the

actual production process. In the truck plant, both QIC and Cheverolet

trucks are produced. Assume they coe off of the same assembly line.

V l
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Even though that be the case, it is still possible to determine which

raw materials Io to whi(h vehi le, but now management of the plant and

other plant resources are shared between the two products. So at least

hofM" inputs are shared while the products are still separable. The

inputs ate still separable in terms of the sharp time going to each

produ(t. Thus, the GH truck plant is still producing a multiple product

output

Recause the truck plant is still multiple product, what are the

features that describe and define a joint output? The diagram in

Figure S depicts the four possibilities for the input-output relation-

ships. To qualify as a joint product, the inputs are shared by the

products and the joint products are simultaneously or jointly produced

2
froo the same inputs by a single production process. Allocation of

each input is not made to each output separately. Thus, a multi-product

production function need not exhibit jointness of production. Rao

(19b9, p. 737) makes this difference explicit when he writes, "The case

of joint. production is a technological phenomenon, . all products

are produLed in one production process."

Joint Products

An example of a joint product process is ore mining. After taking

the ore from the ground and performing certain processing procedures,

Product Side Inpuit Side

X M=

separable - separable

not separable not separable

Figure 5. Pfulti-Products Possibilities of Separability



there way result .everal products jointlv. During the process, such of

the input tnnot he spec iflially assigned to any particular output.

Neither side of Figure ') is separable--a joint produ4 t. Another example

IA the ihai rakez briefly addressed in Chapter I. Asque his multiple

-itput % Is g. cn ihairs and weak dhairs. From hi. joint produ(tion

full( t ion, he will know how many --f each he will produce from Riven

Inputs The degree of quality (ontrol is part of his production

func(tion. There may exist certain hidden defects which in effect cause

weak chairs to o(c(ur along with the gXod hairs. The chairmaker cannot

distinguish whi.h input will go to which product but he can determine

ho,. much of one product will be built given the batch of lumber. The

(axe in inseparable on both the input and output sides and thus a joint

produk t pro. ess

If there exists home stort of te(hnical reationship between several

'roiltts beaiuse there are tettain faturs which can or must be used

jointly. ,r betau.e (ertain tac ?ors (an be used alternatively for one

output or another, these produtts are technically connected. ID the

general (ontext, because a multi-ware production process is in evidence,

the 1,rodu, ti on law cannot be stetiied separately for each product but

must be studied simultane,,usly for all connected products. The pro-

duction system may consist of several (u) different ways or conditions

of production and might be of the form shown in equation [21.

F (X 1 , X2 ,  X 9 V1  V 2 ,  V ) 0,

F2 (X) X, X, V1 V2 . V n 0,

Iii

F (X1, X2U X, V1l V2, V) 0,
U - 2
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where X a outputs or products,

V = n inputs,

F = u production relationshzps,

and the u equations are assumed independent of each other. Thus there

are u production conditions.

Therefore, a products. n factors, and u product relations are

4
defined. Frisch calls the difference between m and u, assortment,

a M 0 - u. By assortment, he means the degree of freedom of choice

among conne(ted products. If, for example, a = 2 and u t 1, then there

is one degree of freedom over the product mix, given the inputs. For a

single product production process. = u , or a a - u = 0!

In the following statement, Frisch refers to a further subset of

the technically (onnected products.

Irrespective of the degree of assortmnt a a - u, we
can enquire whether, from the given u relations, it is possi-
ble to deduce some, and if so how many, which only link to-
gether certain product quantities, these relations containing
none of the production factors. These relations are pure
product bands; i.e., they are factor free. In other words,
they hold good irrespective of what the factor quantities may
be. If the number of such relations is C, we say that the
degree of coupling--or more precisely the degree of product-
coupling for the multi-ware production in question--is C.

IFrisch, 1965, p. 2701

It ts therefore self-evident that C is independent of a, n, and u.

For example, if XI and X2 are joint outputs from a given set of inputs

Vi (s 1 I, ... n), X l depends on V and X depends on V also; then,

a a •-u = O. but, if X 1 and X2 are independent of the act V,, i.e.,

factor free. then X and X2 are coupled or related as pure product

bands. That is, X2 = f(X) or implicitly, F(X1 , X2) 0 0, without V In

F. Thus, C a I band. Coupling, therefore, represents a new and differ-

eat aspect of the production structure. It varies In degree from no



57

coupling to perfe(t coupling, vhere the exact nature of coupling is

related to the degree of factorially determined multiple product pro-

duction. Thus the concept of Joint products is a subset of the notion

of multiple products.

Factorially Determined Cases

If the factor quantities are given and all the joint product

quantities are determined, the system of equations 121 previously out-

lined does not apply. The general system is known as the factorially

determined production process. Given m products, the general factori-

ally determined system of equations is characterized by a set of a

product functions.

( 3 1 X , = X I(V i e, . V.).m 

X a X(V I  VO).m m 1'. n

The degree to which the factors determine bow X. is related to X. is theI J

crux of the theory of coupling. The degree of assortment is equal to

zero; i.e., a = a - u = 0. If the vector V is given, the vector X is

given uniquely.

Factorially determined production is classified into separable (or

noncoupled) and coupled. Coupled is further classified into perfect and

less than perfect coupling. Separable is discussed first.

Eprable Products

4f The purely separable case is one where the combination of the

product quantities is no longer joint in the sense that the products all

come from the saw production process (and, therefore, from the same

inputs). Equations (41 and (51 represent the multi-product (m a 2) case
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of pure separability.

141 x1 = xI(vIv . . .V

151 x2 = X2(Vi . . V')

where V V'. This is illustrated by Figure 6.

Coupled Products

Coupled Joint products is another special case of factorially

determined production. As previously indicated, there are degrees of

coupling related to the degree of factor deterninateness. The general

case of coupling can be represented by

16) X1 = XI(V)

(71 X2 = X2 (V)

where V represents the same inputs for both functions.

An example of the joint two product system where some degree of

coupling occurs and one used by Frisch is that of poultry and egg

V 2 Ioquants

2 is

inputs

. 1 2 isoquants
V2#

V1  V VI inputs

Figure 6. Perfectly Separable Case
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production. There are two distinct products. In order to obtain the

two products, certain production factors are required--certain materials

and equipment, certain foods, and labor. When these factors are ap-

plied, in the same process, both products emerge, not only a certain

quantity of eggs, but also a certain quantity of poultry. If the factor

quantities are given, both product quantities are given as well. In

this example, a a u = 2 and the degree of assortment, a = 0.

The ratio of the two product quantities is not necessarily fixed.

In other words, coupling can be less than perfect. The ratio may indeed

be altered within limits by means of suitable changes in the factor

constellation, i e., VV V2  . . . V ; for example, more rolled oats and

less corn in feeding the chickenas will change the ratio of the two

quanties of output. Suitable changes in the input factors can place

greater emphasis upon one or the other of the products. This is the

case where the products are, to a certain degree separable. Figure 7

depicts the egg/poultry joint product factor relationship when less than

perfect coupling exists. Here, XI a egg and X2 = poultry depend on the

same set of inputs V. And, when the combination of V and V2 is
6

changed, then for a given quantity of X, X2 varies.

SPoultry isoquants
V
rilled
oats
inputs

Egg isoquant

1 corn inputs

Figure 7 Bli-Products, Less Than Perfectly Coupled
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Further, in the coupled case, the special functions can be of the
form

(9l X , K I f(V I.  V )

19] x2  K 2Vt(VI )

where KI and K2 are constants and f(Vi  . V ) is the same function

in both formulae. In this case the degree of coupling is C = I and the

degree of assortment is a = 0. As indicated earlier, there is a pure

product band relating X I to X2. For example, we can assume that the

quantity of cream (sometimes called butterfat content) bears a fixed

ratio to the quantity of milk produced by a cow. A change in the factor

quantities could perhaps be a change in feed or a slightly longer period

of time between wilkings, but changes always occur in such a way that

the quantity of cream and the quantity of milk change in the same pro-

portion In this case

110] X2  KX1 ,

or Cream r som- constant times m lk. where K is the constant.

But coupling need not be that simple. The quantity ratio between

the two joint products may be a function of the product quantities. The

characteristic feature of this case of coupling is that one product is a

well-defined function of another product where none of the factor

quantities occur. As with the simple coupled case, C = I and a = 0, the

characteristic feature appears as

Jill X 2 a2(1)

or implicitly T(Xl, X2) 0. Equation 1l11 is contrasted with 1101

4above where the relationship is a constant. The example Frisch uses for

Ind

4 -
I
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this case of coupling is the relationship between gas, coke, and coal

tar.

These three products are linked together in such a way
that the quantity of coke is a technically given function of
the quantity of gas, and similarly that the quantity of tar is
a technically given function of the quantity of gas; while the
total product quantity--measured for example by the quantity
of gas--is determined by the quantities of the factors.

[Frisch, 1965, p. 271)

Here the number of production relations is three (u = 3). The

number of products is three (m = 3). The degree of assortment is zero

(a = a - u = 0). And the degree of coupling is two.

Figure 8 depicts the case of perfect coupling. It is the graphic

illustration of the case where X and X2 bear a definite relation and

that relationship is indepeadent of the factor quanties. It is also

fairly obvious that most Joint products lie somewhere between Figure 6

(completely separate substitution regions) and Figure 8 (coinciding

substitution regions).

Now that the definitions are established, the theory can be applied

to the attrition problem at universities.

Vinats I isoquants

! 2 isoquants

V1 inputs

Figure 8. Bi-Products, Perfectly Coupled
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Application of the Theory

When a university admits a group of students, unless it has know-

ledge of its joint produ(t ion functions, it does not know with (ertainty

how many will complete each year of school and how many will drop. Nor

is it known which resources will he used by those completing or by those

quitting school. Therefore, if the products are defined as educated

finishers, those who complete each year of school and subsequently

graduate, and edu(ated dropouts, those who fail to finish a specified

year of school and subsequently do not graduate, then the university
7

production process is one of joint products. Because both outputs can

theoretikally vary as inputs are varied, the production system is fac-

torially determined. It then follows that the applicable system of

equations for the joint product output Uf a university, where the out-

puts are defined as educated students who complete and educated students

who drop, is depicted, in effect, by equations 161 and 17). It is these

twn equatiujs we wish to measure.

The example used earlier about the chicken and egg production is

again beneficial to stress the points on the application of the joint

product theory A chicken farmer supposedly raises chickens for one of

two reasons. One is the production of eggs, the other i. the production

of poultry. Having certain fixed facilities available for the short

term, a certain quantity of chicks are brought to the farm for the sole

pu'pose of meeting production goals. If the egg production goal is too

high, and the number of chicks too small, eventually there will not be

esough chickens to meet the egg production goals regardless of the

quantity or quality of other inputs on the part of the farmer. There-

fore, scale of operataoss is important. Now the quality of the chicken
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i,1111t i important het ause only female hi(kens lay eggs. Of course the-

farmer wiuld ,'tainly prefer all hens because both outputs would be

avai|able t,, evety chicken, whereat with the scenario selected, male

hi ks hav hit one plo flIe produ( t , potsl t ry So there is con-ern

At,,,ut the ,ua]itv of the hat(h of baby chi(ks input into the process.

llo,% about the faim tanl it ieq and inputs? The Mati (on(ern on the

part rf the farmer is to-, meet both produttion goals, eggs and poultry

Rv altrr)X suih input fa, tors as qiantity and type of feed, egg pro-

tt lion tal be fostered at the expense of [at, plump chickens for the

poultry market and vite versa. So, a third concern is the technologi(al

process involved with the production itself, the institutional inputs.

Note here that the main concern of the chicken farmer is not specifi-

ally with the produtitori of eath thitken, but rather with the macro

product i i goals ''f the farm.

Now that the an.loigy is made, the- parallels may be drawn. A uni-

versit. has twu )oint products, which for ease of inentlfication here

are irferred to as (ompletion and attrition. Goals can he established

for each of t1e priluit , although onte a goal for the number ot edu-

(ated students tcpletlng each year is established, the number of edu-

cat-d dropouts will oe kiiown. As with the farmer, the first concern is

seeing that the scale of operations can be mt. It would be foolhardy

to have a goal of 500 students to complete the freshman year if only 485

students started Lhat year.

The second concern is for the group of students brought into the

university. The literature review in Chapter 11 Indicated that a uni-

versity does not have the ability to specify with complete accuracy, in

advance, which entering student will be a tp.t of which output, simply

6 Z
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because it is not possible to accurately predict which student will drop

out and which will persist. However, as with the chicken farmer, if the

tharacteristics of the group as a whole change, there is the opportunity

for improved possibility of meeting both production goals. Fmphasis

cannot lie upon every single student's input especially since even with

the top twenty percent of a graduating high school class, nearly 31% of

8
those going on to college drop out. Therefore, the emphasis is macro.

It is on the input characteristics of the group.

The third concern has to be with the institutional or the tech-

nolopital inputs. As with the stale of operations, the institution's

main concern is macro--meet the production goals. One's first thoughts

are that in a university setting where the output is people oriented,

that concern is cold and impersonal- But, it is through the efforts of

those who labor that ill chickens are nursed hack to health and thus are

able to contribute to production. The same principles apply to a uni-

versity. It is the efforts of faculty and staff with individual

students which contribute to the successful accomplishment of production

goals.

Now the general equations for the bi-product or joint production

process of universities are given by

i121 X= XI(V s, Vc , V.)

1131 X2  X2 (V , V, V1)

where X, output as defined by educated finishers,

x2  output as defined by educated (at least partially) quitters

or dropouts,

V a scale input.
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V= class characteristics or qualities, and

V = institutional inputs.

These are the production functions (which are assumed to exist) that are

estimated in this dissertation.

The output measures along with the specific variables which are

used to measure scale, class characteristics, and institutional inputs

are specifically defined in the next section, Model Definition.

Model Definition

Essentially five models are presented even though the variables are

the same for each model. The five are: one for each level of under-

graduate college education and one aggregate, representing university

output during the academic school year. Variables are outlined here

only in enough detail to present the models while the specifics of

variable definition are in Chapter IV.

Outputs

As it was previously shown in Chaper 1I, defining and adequately

measuring the joint products Is a most difficult task. Many indices of

output measurement are available. (See the section on output of edu-

cational production functions in Chapter II.) Several such measures are

here suggested an theoretical indices for the measurement of aggregate

university output.

I first are the raw numbers (N). During any school year, a college

Instructs on four levels of undergraduate education. At the end of that

year, students have completed the freshman, sophomore, junior, or senior

year. Wen measured in aggregate numbers of finishers, the output is

the sum of all four levels of academic achievement. And during that
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same period, the joint produkt in the aggregate of nonfinishers, those

%ino started A given level but dropped out during the year in question.

The laistifation for breakdown by education level is found in the

extremely disproportionate number of students who drop from school

-luring the freshman and sophomore years. (See statistics on attrition

ift Chapter 11).

A second possible index is the number of credit hours (SCH) com-

pleted by finishers and nonfinishers. Again, the index would be meas-

ured fot each level. A third possibility is the grade point average

(CPA) of each product, while yet a fourth is some combi.ation of the

first three, such as N x SCH x GPA. Only the first measure, N, is used

in this study, although possibilities and justificattou can be offerred

for implementation of other indices of output measure. So, the index of

output as used herein is the number of educated finishers and the number

of educated dropouts, and the joint products are defined theoretically

as (1) those educated students who finish and (2) those educated

students who drop out.

The reason for using the actual numbers of finishers and dropouts

is one of necessity. As is discussed in Appendix A, an elicitation

process is used to develop prior subjective estimates of the parameter

values. It was determined that surh a process would be extremely diffi-

(ult to use unless notions of the joint outputs were fairly simple and

well defined. While other indices have appeared in the literature,

using numbers as indices in this study seemed to be a good first-ap-

proximiation approach to a difficult problem.

The model now appears as

II



I7

whesre Xt number of f inishers of level j, to 4, frir a part iuijlar

qchoo! year.

X nuihqr of nont'f nishe ri (d1ropout s f I mm levelI j for the -tame

dld

year anid both equations have the same factor q~uantities,

anti V

The t,tal number of su h pairs of equat ns is five, one for eah

Irve 1 f reshman to ,.enior) anti one aggregtate to %how university totAlI

output by finishers and nonfinushers for a wrhole year. Since the number

A entering st udents i equaIl to the number of f tnishers plus dropouts ,

equations 114] and ofl') are alternative esti matfes of the joint outputs.

No% that the mdelp have bee outlined and output measures ,peci-

firA, the inputs are npeuafially identified and defined.

I nput s

s represents the sale of operation% for the university. only one

variable is used to measure ,cale anti that s the number of students

(NS) entering 3.huol foi each grade level in the fall at the beginning

(,I the sihool. year.

V( represents the input r aen charateristics. Many such at-

tributes tr available and measurable for individuals but such measures

for a (lass are more ditffult to obtain. The variables used to measure

(lass haracteristits are mean entrance score (SC). a leadersh p

measire (L)), and phy imal abilities based on several exercise test

results (PH). A fourth measure of the class characteristics in the

range of entrance scores (RS) for each entering class.

mesr C),adpy|a blt~sbsdo eea xriets
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V are the institutional inputs. Those selected fur examination

here are faculty quality (FQ). faculty experience (FE), and the student-

fa(ulty ratio (SF).

Because of the lack of variation for some of the input variables, a

lifference in admittante policy of the UofU,NBA program, and the quanti-

ty of available data. there is sow deviation from the variables as

outlined above for the USAFA. The primary difference is the absence of

emphasis upon leadership and physical measures. In lieu of those In-

puts. the average age of entering students (AA) is used. In addition,

no institutional inputs are used for the UofU,/MA. Differences in

measurement of the input variables are subsequently covered in Chapter

IV.

Equations

The ape(3fi, equations estimated for the USAFA and the UofU,MBA are

presented here.

USA'A

1161 Nf = 0)NS + 02 SC + 0 3 RS * 04 PH * pLD + P6 FQ + * 7 8n * P.S+

1171 Nd " ¥1N$, S 12S(' Y ¥3RS + 4 PH # '5LD + Y6FQ + v7FE + ySSF * tj.

Since, as previously indicated, 116) and 1)7) are alternatives,

117) can be rewritten as

({?'l Md :(- 1 ) s - P2sc - p3 Fs - DIJN - p5LD - 6FQ - 0FE - O8 SF -
d I 2C PIS 04H AS.0

Essentially, this represents a test to determine whether or not the

ratio Nf/d is perfectly coupied, that is, whether or not Nf/Nd =K. a

constant.9 In general, the ratio of (161 to (171 Is a function of the
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form

I8] NIN(, k(NS, SC, RS, PH, LD, FQ, FE, SF),
fd

where now k to a function which is homogeneous to the zero degree. That

is, if all inputs in (161 and [171 are increased by A percent, then, the

ratio (N f/N I is unchanged. But, if the inputs are increased by varying

amounts, the ratio changes. An epirical form for 118) and the ratio of

116) to (171 is Riven by

119) NfNd lNS * 2 SC + a 3 RS + o 4 PH + aLD + a6 FQ + FE + aSF +

Equations 1181 and the empirical form 119) are the same as that de-

veloped by Vinod (1968, pp. 329-30) in which he "measures the percentage

change in the proportions in which any two outputs are produced (e.g.,

X /X ) resulting from a one per cent change in any input." With the1 2

estimates of 116] and (117', 119) is implicitly determinable. In this

dissertation, 1191 s not explicitly estimated, however, due to the

elicitation problem alluded to in the section "Outputs" earlier in this

chapter. 10

The equations (161 and (171 are estimated five times, through the

estimation of (17'1, one for each undergraduate class year in progress

and once for the aggregate university academic year output. Input

variables are identical for equations of each specified level of edu-

cation (representing class inputs) while N and Nd represent the number

of students to finish or drop respectively. The error terms are p. and

tJ =I to 5.

4,



70

1201 N, PI S #0 2 SC #01RS +t4 AA +

211 N', Y INS + Y)SC * Y3RS # 4 AA4 E.

(21' 1 - 1 )NS " 2sC " RS - 4 M-J.

Beuause the io(t,MRA program is a two-year graduate program and because

it hat such a relatively short life. equation [21'1 is only estimated

one time representing an aggregate academic year output.

Properties

In sublective statistical theory, PC. and y are not observable

random quantities having a sampling distribution but rather nuisance

parameters. They are useful, not in representing some measurable

(harateristic of the real university world, but in representing char-

a(teristi(s of the researcher's opinions (as evidenced by the included

variables) about the observable and measurable independent and de-

pendent variables. The researcher's opinions are further supplemented

by the prior opinions of experts in the particular field under study.

One the classical model is estimated using equations 1171 and

1211, the elicited prior opinions of the experts are brought to bear.

The posterior mean of the distribution of the coefficients is a weighted

linear convex combination of the prior mean and the maximum likelihood

mean with weights proportional to the precision of each. Appendix D

details the statistical properties and assumptions. -

The properties of the joint product have briefly been mentioned and

include:

I. Number of products = a 2.

2. Number of product relations u 5 2.
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1. Degree of assortment a m- u C.

The produitivity of the university as defined here by the number of

begtinning students who complete the school year, must not be confused

with efficiency of the university. Efficiency refers to the optimal

combination of inputu to produce a given output at least cost. It is

measured at a point in time. Produqtivlty here is measured between

two calendar date%, the beginning of the school year and the ending

therco' The relationships developed between the inputs and the loint

product output* describes average behavior of a class of students. This

average information may not he particularly useful in predicting how

12
changes in inputs would affect the ou'puts. Related to that is one of

the disadvantages of the linearly additive educational production

fun(tion; i.e., it provides a constant marginal product (OP) for each

and every input independent of the level of that input.

Hypotheses

The hypotheses tested fit into one of two general categories. The

first is the question of empirtcal validlity for the methodology of using

a joint product output. This is examined in the traditional sense by

(omparing the relative explanatory power of the determinants of the two

dependent variables for each level of higher education as well as the

aggregate university academic year output. The subjective statistical

approach employed goes one step beyond the classical methodology and

merges prior opinions of experts with the classical statistical results.

The second category posited relates to the models developed. The

specific models allow examination of the three classes of independent

variables for each level of education; i.e., scale of operations,

class-year characteristics, and institutional inputs. By looking at

. . .. . . .. .i
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attrition and completion in the factorially determined product relation-

ship, light is shed on fartors which lead to attrition from universi-

ties. It was shown earlier in Chapter III that since the k-function is

homogeneous to the zero degree, the relative amount of attrition at a

university will not change unless inputs are varied disproportionately.

Thus, policy emphasis can be placed on those critical input areas to

reduce said attrition.

In addition to the general categories outlined above, this effort

explores the validity of using educated nonfinishers or dropouts as one

output of higher education. Chapter II and Appendix C each contain a

review of many authors who had performed work in the economics of edu-

cation using an educational production function. Almost without ex-

ception (see Chizmar and Zak, 1963), the output is singular and the

proxy for measurement is some type of cognitive achievement as measured

through an examination. And yet, the same literature provides sound

basis for a critique of the output most commonly used. The analysis

provided in this dissertation recognized, through the joint product

approach used. that which is generally agreed upon as common knowledge.

That is, the further a student progresses through a university edu-

cational process before quitting or dropping out, the more inputs and

resources that educated dropout has absorbed.
Summary

This chapter has presented the production theory which supports

using attrition as an output for institutions of 'igher learning.

Educated quitters then become part of a university's multi-product

output. There exists a distinct difference between multiple products

and Joint products but the latter is considered a subset of the former
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type of production. A joint product production process must be con-

sidered simultaneously unless it is ascertained that the process is a

factorially determined production process. The process under study here

fits the factorially determined production case. the two types of which

are separable and perfectly coupled. Given the inputs which include the

scale of operations as defined by the number of students and the output

as defined by educated finishers and educated quitters, university

production fits the partially separable case; i.e., less than perfectly

coupled.

Equations were presented in the chapter and the model used in this

dissertation was developed. The variables used were described in enough

detail to complete the model. The preponderance of variable definition

along with the measurement of those variables now follows in the chapter

on the description of the data.

1,

tLL
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Notes to Chater III

I. Paul A. Samuelson points out the conditions under which a firm

say have multiple products but not produce a joint product in "The
Fundamental Singularity Tbiores for Non-Joint Production," Titernational

Economic Review, 1966. 7, 34-41. See Also: E. Burmeister and S. J.

Turnovsky. "The Degree of Joint Production." International EconomiC

Rev&e-, 1971, 12, 99-105, and N. Hirota and K. au, "On an Intrinsic
Joint Production," International Economic Review, 1971, 12, 87-98.

2. H D. Vinod, "Econometrics of Joint Production," Econometrica,

April 1968, 36, 322-36, presents a discussion of joint production and
then employs the econometrics which he develops in an example using
mutton and wool as joint products. His efforts, though debated on
certain grounds which are irrelevant to this dissertation, provided the

basis for a subsequent study by John F. Chizear and Thomas A. Zak,
"Modeling Multiple Outputs in Educational Production Functions,"

American Economic Review, May 1983, 73, 18-22. See also: Potluri Rao.

"A Note oi Econometrics of Joint Production, Econometrics. October
1q69, 37, 737-8.

1. See Ragnar Frisch, Theor of Production, Chicago: Rand McNally

h Co., 1965, 269. Most of the theoretical parts of this chapter are

extracted from Frisch Chapter 14, which may be examined for a better

understanding of joint product theory. Kenneth Laitinen, A Theor of

the Multijro duc -t Firm, New York: Nokth-Holland Publishing Co, 19-0, 5,
asserts that Frisch presents a more detailed model of the firm but does
so at the cost of sacrificing generality.

4. In Frisch, 1965, 269, "a" is called the degree of assortment or

the degree of freedom of assortment.

5. Ibid., 270-1.

6. Chizaar and Zak, (1983) (see note 2 above), apply joint product

production to education and provide yet a different example from those

of Frisch. They borrow the notion of "input exhaustion" from Brown and
Saks (1975), and use it to indicate the degree of jointness, or what is
here referred to as degree of coupling.

7. As previously indicated in Chapter 1, even those who drop out

of college gain somethiag from the educational experience. Hence, they
are referred to as educated dropouts.

8. The percentage is derived as follows: (1) From Chapter 1I,
the top 20% of the graduating high school class contributes 42%. of the

begloing freshmen at univerbities and 32% of the dropouts. (2) O

every 100 students beginning college, 40 drop out and never earn a
degree. (3) 327 of 40 a 12.8 of the dropouts come from the top 20. of

their high school class. (4) Because there are 42 of every 100 from
that citegory in school and 12.8 of them drop, then nearly 31% of the

natlio's top high school students drop out of college.i
4U
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9. The ration Nf/Nd is related to attrition (Nd/NS) by HS Nf
N1 •

10. Had it been feesible in the elicitation process, an alterna-
tive speckfitation like the Cobb-Dougias could have been used in lieu
of the lineai model used here. In the Cobb-Douglas case, the ratio

N Pd7 (XIX, aix a2/ PIX 02 = X 01"0 a_2 Tedrte1' 2 1 2 1 2X 2 -"2  The deree

of booogeneity of I depends analytically on the a and the values.
See Vmnod (M968).

11. See lark Blaug, "The Productivity of Universities," in his
Et onomi cs of Eduation -I I, Balt tmore: Penguin Books, Inc., 1969,

1'. See Eric A. Hanushek, "Con,-ptual and Empirical Issues in the
ENtimatinn of Educatioaal Prod:t tion Functions," The Journal of Human
Resources, Susmler 1979, XIV, 369.

f,



CHAPTER IV

DATA DESCRIPTION AND ANALYSIS

Introduct ion

In this thapter, detailed descriptions of the variables used are

presented along with the measurement of those variables. In some cases,

assumptions are called upon in order to provide a reliable masure of

srecific variables. Variable definitions are provided for both atas -

sets used in the study. The chapter cootinues and is further divided to

provide a descriptson of the analyttcal protesses employed, however,

the specific statistical methodology is reserved for Appendix D.

Variables Defined and leasured

The data for both the USAFA study and the UofU,MBA program were
|A

extra ted Irow records kept at each university location. Although

other inforastion was available from those records, piedominant at-

tention was placed upon the explanatory variables as already outlined in

the model definition of Chapter III. Because of the differences tn

variables used in the two data sets, each set receives its own treatment

here.

USAFA Variables

optt

While quality differences in terms of type of degree earned have

been important an the literature, for various practical reasons and the

fact that such differences are not great, this dissertation uses raw
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numbers fo, output. A student is classified as a finisher (Nf) if said

student satisfactorily completes all of the requirements of the edu-

!ationsl level under study such that movement to the subsequent level

4 occurs in the next academic school year. The second output of the joint

produtt is the number of nonfinishers (Nd) Nonfinishers are those

students who begin a school year but for various reasons terlinate their

education at some poaint during the year or prior to the beginning of the

subsequent year. Close scrutiny of those definitions reveals what could

be a serious flaw in measurement and that in the handling of students

who do not drop nor do they finish within the prescribed year but sub-

sequently do complete.

The USAYA registrars office accounts for such students using the

terminology "turnbacks into class" (TIC) and "turnbacks out of class"

(TOCO A TIC is a student from a preceding class who failed to complete

one or more course years of study but per.,sted and subsequently

finished coursework with a class other than the one with which college

began. A TOC student is one who did not drop from school but went back

a class or more and persisted with educational pursuits. Such a TOC

does not affect the attrition rate of the class with which said student

started. Therefore, the entering strength of each graduating class, or

each class for all four levels of education, is an adjusted entering

strength comprised of new cadets or preceding level finishers plus TICs

minus TOCs.

A brief example will illustrate. Assume the Class of 198x +

begins the freshman level of school in 19Sx with 1500 new cadets.

During the year, 18 cadets were turned back from preceding classes. Ten

memers of the Class of 19Ax + 4 were turned back into the Class of 198x



78

* 5 and 250 terminated their education at the academy for whatever

reason. Nf is determined as follows:

1500 * 18 1 10 = 1508 adjusted entering strength.

1508 - N z Nf.

250 Nd. so .1508 - 250 = 1258 = Xf'

That leads naturally to the first input used with both data sets, the

number of students.

19'Futa

The first input is designed to determine the significance of scale

on attrition.2 Scale is measured by the number of students enrolled

(NS) in raw numbers. It is defined as the adjusted entering strength of

cadets into each respective class level. Using the example started in

the Output section, the NS for the freshman level was 1508 students.

because 1256 = Nf from the freshman year, 1258 is also the NS for the

subsequent sophomore year. Assume further that 200 students quit during

the sophomo e year, 100 during the third, and 22 during the final year

at the academy and that TICs were 3 during the third year and TOCs were

2 during the senior year. Then

NS, 1508

Ndl :250

N US a 1258
fI 2

N42 z 200

SNf 2 a 1058

NS3 a 1058 + 3 z 1061

Nd3 a 100

N a 961
f3r 4 a 961" 2 959
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N 22 and
d4

Nf4 937 = number graduating for Class 198x + 4.

In addition to the number of students, which is used to measure

stale, four variahles are used to measure quality differences in input

over time. One of the four variables used to me.asure the differences in

class characteristics is the average class score (SC) on the college

entrance examination. The two most popular of such exams are the Scho-

lastic Aptitude Test (SAT) of the College Entrance Examination Board and

3
the exam published by the Amer'can College Testing Program (ACT). The

USAFA employed SAT results beginning with the first entering Class of

1959 and have continued to use SAT results to the present time How-

ever, as more and sore prospective students took the ACT, the Academy

felt a need to accept ACT results. Beginning in 1974 with the Class of

1978, results of the ACT were accepted and published along with SAT

results for beginning cadets.

To arrive at a common measurement, it is necessary to equate the

SAT and ACT score results. Chase and Barritt provide the basis for the

common relationship. The details of their effort to provide a con-

0 cordauce between SAT and ACT results are provided in Appendix E. Ti.e

relevant range of their study as it applies to the entering USAF cadet

class characteristics is shown in Table B.

The SC used as an input variable represents a weighted average of

the SAT composite mean with the average composite ACT, converted to an

SAT equivalent, where the weights are based on the number of entering

students taking each exam. For example, the Class of 1978 had 5&3

entering students take the ACT and the composite mean score was 109.4.

From Table 8, 109.4 converts to 1226 in SAT terms. The same class had
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T,,blP R --Cemposite SAT and ACT Relationahip

ACT Total SAT Total

0~0~. 1167.0

104 0 1171.0

304. l I 7b.0

105.0 1181.0

305.51186.0

106.0 1191.0

106.5 1196.5

10110 1202.0

107. 1207.0

108 0 1212.0

108.s 1217.0

109.0 12.2.0

09.1) 1227.5

110.0 123 .0

110.5 1248.0

111.5 1248.5

112.0 1254.0

112.5 1259.0

113.0 1264.0

113.5 1269.0

Adapted from Cbase and Barrltt (1966, Table 3, pp. 107-8).
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1083 entering students who qualified taking the SAT. The composite

average SAT score was 1200. The weighting is approximately 2:1 for the

SAT and the equivalent weighted class SC is approximately 1209.

"1 The second class characteristic is represented by the range of

scores from the SAT or SAT equivalent entrance exam. Range (RS) is used

to test for the importance of homogeneity of classes entering the acade-

my. However, a simple range; i.e., 655 (1530 - 875), is not available

on a per-student basis. What is available is the low and high of the

verbal and math aptitude portions of the exam for the entering group as

a whole. It is obvious that the sum of the low verbal score and low

.i math score does not represent the composite score of the lowest scoring

student, just as the high scores cannot be an accurate representation of

the student with the overall highest scores. The appropriate RS will

always be less than or equal to the proxy measure used in this study,

the sum of the lowest to the sum of the highest scores, but it is as-

sumed that the difference will be normally distributed with some speci-

fied mean and a constant variance. Therefore, the proxy is justified.

To clarify then, RS represents the range of scores from the SAT. How-

ever, it is not a simple range measure. It is a proxy measurement (or

composite) where the low end of the range is calculated as the sum of

the lowest scores on each of the two parts of the exam, verbal aptitude

and math aptitude. The high end is the sum of the highest scores on

each of the two portions of the SAT. Further work must subsequently be

undertaken to test results of the simple range in college entrance exam

scores and should be enlarged upon to include the range of other input

variables such as the physical and leadership measures as well.

The next two class characteristics are not common inputs to a
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university but arise from the USAFA purpose being to prepare young men

and young women cadets to become career officers in the United States

Air Force.4 These two characteristics are considered to be an integral

part of the preparation, both before entering and during the four years

of attendance at the Academy. One is physical (PH), the other is

leadership (LD).
5

The PH aptitude examination is a composite of performance on

several athletic events and is separate from the medical examination

given each cadet. It is a measure of strength, speed, agility, and

general physical condition. Specifically, the cadets do push-ups,
-1

pull-ups, sit-ups, and a 300-yard shuttle run. Pull-ups are measured in

terms of the number that a cadet can perform. Sit-ups and push-ups are

both limited to the number completed in two minutes. The 300-yard

shuttle run consists of running six round trips between two turning

lines, 25 yards apart, in the shortest time possible. The runner must
6

stay within a five-foot wide lane at all times during the run. The

four events are scored and each cadet awarded a score, the sum of all

four events. Since this system was instituted for the Class of 1961,

the mean class score has varied from 502 (Class of 1987, freshmen in

i4- 1983-4) to 573.7 (Class of 1968, freshmen in 1964-5). The lowest score

ever recorded by an entering cadet was 270 from the Class of 1987 while

every class has had at least one cadet score the maximum of 800 points.

For this study, the class mean was used to measure the entering class

candidate fitness characteristic.

The leadership composite is an attempt to measure a cadet's pre-

vioas l-adership experiences. The raw score is the sum of athletic and

nonathletic indices. The athletic index is derived from participation
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and achievement in extracurricular high school athletics including

baseball, basketball, football, hockey, track, tennis, lacrosse, soccer,

swimming, wrestling, golf, and any other sport with which a prospective

cadet may have been involved. The nonathletic index includes class or

club officers, student government positions, awards in academic socie-

ties such as National Honor Society and Boy's or Girl's State Delegate,

participation and achievement in public speaking, debate, drama, publi-

cations, musical activities, science clubs, scouts, Civil Air Patrol,

Reserve Officer Training Corps, and membership in comunity and church

organizations. Academy personnel feel that such athletic and nonath-

letic activities provide an indication of the candidate's leadership

potential. "If a student has had to work to provide family financial

assistance, the Academy considers the work experience as deomonstration

of leadership potential in lieu of certain participation in extracur-

ricular activities," (USAFA Preparation, 1981). The LD measure is a

composite of all these leadership activities. Over the years, the range

of this measure has been from a low of 970 points for one cadet in the

Class of 1966 to a high of 2400 points for one cadet in the Class of

1983. The class average score was utilized here with the range of that

mean varying between 1572.4 for the Class of 1963 and 1760 for the Class

of 1968.

In addition to scale of operations and class characteristics,

institutional inputs have an impact upon university production. One

such input which has consistently been used in educational production

1' 7
functions is faculty quality (FQ). In secondary and elementary

schools, an appropriate measure of faculty quality is the college degree

plus years of formal education received by each faculty member. But at
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a university, some other measure is more appropriate. The USAFA re-

quires some other measure for two additional reasons. The first is the

tact that all faculty members must hold at least a master's degree. 8

The second is the fact that the institution, even though accredited by

the North Central Association of Colleges and Schools and the Accredit-

ation Board for Engineering and Technology, (USAFA Catalog, 1983-4, p.

49) Is operated under the auspices of the military and most faculty are

Air Force officers whose selection to the faculty is based upon their

experiences within the fields in which they instruct. For those

reasons, faculty quality is defined as the percentage of total faculty

who possess a Ph.D. or Ph.D. equivalent degree. Data for this input

variable were manually extracted from The Air Force Academy Catalog

which is published annually and usually precedes the beginning of the

school year by several months. For example, the 1957-8 catalog was used

to extract data for the school year 1957-8, even though additional

faculty may have been added or some existing faculty members transferred

between the time of catalog publication and actual class resumption at

the beginning of the school year. Therefore, the cut-off date for

measurement of FQ for a school year is the publication date of the

catalog for that school year. The FQ for the USAFA ranged from a low of

.1838 in 1961 to a high of .3376 in 1982.

Faculty experience (FE) is similar to FQ in that it too was taken

from the catalog, so the same cut-off date for measurement applies.

However, experience is not measured in the traditional sense of teaching

experience. Because it is a military sponsored school and the students

are professional military trainees, the FE is defined as the average

number of years of military experience for the faculty as the faculty is
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measured from the school catalog. But even that definition requires

further clarification.

jWithin the USAF, promotion to a specific grade is dependent upon

'I performance of duty and time-in-grade in the rank just preceding the

promotion rank. Though it is not mandatory, a great majority, say 99%,

of all officer promotions follow a time-table similar to that in Table

9. The final column of that table lists the number of years of mili-

tary experience used in the computation of faculty experience. A short

illustration is warranted. The 1955-6 catalog shows 19 colonels, 29

lieutenant colonels, 145 majors, 181 captains, 18 first lieutenants, and

I second lieutenant on the USAFA faculty. Using 25, 21, 14, 7, 3, and 2

as the respective military experience of each rank involved, 11.3 years

is the average FE for the school year 1955-6. The FE varied from a low

of 9.9 years to a high of 13.0 years for the time covered in this study.

The final institutional input used is one which is related to scale

of operations but from the university side as opposed to the raw number

of students. That variable is the student-faculty ratio (SF). Gener-

ally the student-faculty ratio is included in such studies to provide a

proxy measure for the amount of pupil-teacher interaction. At most

universities, a measure which would better describe the extent of that

contact is the class size; i.e., the number of students being taught in

each class offered.9 However, at the Air Force Academy, all classrooms

except eight 75-cadet and eight 40-cadet "lectinars" are built for

fifteen to twenty students, thus encouraging free commnication between

the instructor and cadets.10  Such being the case, little variation is

manifested In the size of class being taught by each professor. There-

fore, the student-faculty ratio is unsed, not to measure the amount of
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Table 9a--Typical USAFA Officer Phase Points for Promotion

Average Years for
Year Service Estimating

Rank Attained Time (Yrs_ FE InputsSecond Lieutenant 0 1 2

First Lieutenant 2 3 3

Captain 4 7.5 7

Major 11 13.5 14

Lieutenant Colonel 16 19c 21

Colonel 22 26d 25

aThis table does not reflect United States Air Force policy nor should
it be interpreted as such. It is developed by the author based on
personal service experience and merely presents his views of promotion
within the Air Force. The predominant factor in rank advancement is NOT
time but rather performance of duty.

bThis calculated figure is based on the midpoint of time for an officer

within that rank.

c Once the rank of lieutenant colonel (Lt Col) is achieved, an officer is

generally able to elect to stay in the service even though promotion to
a subsequent rank is not achieved. The average used here differs from
that in the study because many Lt Cols elect to stay beyond the time
when they would have been promoted to the rank of colonel.

-The average used here represents the average time between promotion

and mandatory retirement at thirty years of service.

iA

*1, J-
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interaction between the two, but rather to provide a measurement of the

t "potential" for interaction. In that context, it is felt that a

student-teacher ratio is is predictive and as important to student

retention as is classroom size.

Now that the variables which are used in the USAFA study have been

defined, the observations on those variable must be briefly addressed.

Obse rva tions

Establishment of the United States Air Force Academy was Congress-

ionally authorized on 1 April 1954 and the legislation subsequently

signed by President Eisenhower. The first class at the USAFA, the Class

II
of 1959, entered preuniversity training on 11 July 1955 with the

formal university education beginning the fall of that same year (USAFA

Catalog, 1983-4, pp. 135-7). The classes have continued since that

time. The cut-off date for this study is 30 June 1983. Therefore, data

covering 28 classes are available for studying the freshman model, data

covering 27, 26, and 25 classes are available for sophomore, junior, and

senior models respectively. And to keep the aggregate model consistent

with all four levels of education, only 25 years of data are used in

that model. (The years 1956, 1957, and 1958 were excluded from the

aggregate model because the USAFA output was not complete during those

years; i.e., there was no output from at least one level.)

However, because the first two classes, 1959 and 1960, were ad-

mitted without using a physical and leadership measure, data for those

two classes had to be ignored. This posed no significant problems and

the overlooking of the first two classes is similar to the accepted

practice of ignoring the start-up phase in exploring the economics of a

manufacturing firm. All other data were complete with no missing
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observations. Hence, the number of observations used throughout the study of

the USAFA are 26, 25, 24, and 23 for the freshman through senior models

respectively. The aggregate model contains 23 observations as well.

Appendix F contains all raw data for the USAYA models along with perti-

nent statistical information on the observations of that data.

UofU,I1A Variables

It is essential to reemphasize that the primary purpose for in-

cluding data from the UofU,MBA program is not for model building and

statistical inference but rather for the descriptive value of the data

itself. Nevertheless, a model is developed and the variables which are

used receive their definition here to provide an understanding of pre-

cisely how they are defined and measured thus facilitating interpre-

tation of the data.

The index of output measurement used for the UofU,NBA study is

measured and defined identically with that of the USAFA. That is, Nf

the number of students who finished and Nd = the number of students who

drop. Ideally, this information would be available for both of the two

levels in the MiA program. However, such records are not available.r Therefore, the output respresents an aggregate output where N is -he
number of graduates from the program while N represents the number of

students who started their KRA education but have never finished. They

dropped out at some unknown point of time in the two-year program or at

least subsequent to their entering the program.
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IPJL_t S

The first input used in the UofU,MBA modeling is the number of

"I students (NS). It is measured in precisely the same fashion as NS for

the USAFA. The second variable input, Score (SC) measures entering

class characteristics just as it did in the USAFA data but the measure-

sent is significantly different. Applicants for the UofU,MBA program

are required to take the Graduate Management Achievement Test (GMAT) and

submit the results to the university when making application. The

results of the GMAT are then used in conjunction with undergraduate

scholastic efforts in the formula

SC = (undergraduate GPA x 200) * GMAT.

The SC used for each time period in this study is the mean SC, just as

with the other data set.

Range (RS) again represents the difference between the highest SC

and the lowest SC for each entering class. In lieu of the PH and LD

measures used for the USAFA study, the average age (AA) of each entering

class is used to round out quality of class characteristics. No insti-

tutioiial inputs are used with this data set.

The primary reason for the change in the number of variables used

with the UofU,MlA data is the shortage of observations. Adequate

records for the principle two-year program begin in 1970, and data were

only available to 1976. However, the input variables used provide

description and measure output in two of the three general areas as do

those for the UJSFA; i.e., scale of operation and class characteristics.

All institutional input was omitted. The raw data for the UofU,MBA is

presented later in Chapter IV.

A;"" •
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As previously stated in Chapter I and again in Chapter 1I1, this

dissertation employs the use of subjective or Bayesian statistical

analysis. The first portion of this section provides a descriptive

introduction to Bayesian econometrics beginning with probability theory

and then transitioning to linear models while the later portion de-

scribes the analytical thought process which evolved as the specific

statistical techniques and methods were employed.

Bayesian Statistics

The modern birth of subjective statistics occurred in 1954 with the

publication of The Foundations of Statistics by Leonard J. 
Savage. 12

Certainly not all will be specifically referenced here, but since the

publication of Savage's book, many other statisticians have written on (

the use of subjective statistics. Among them are DeGrott (1970), de

! Finett, (1972). Kyburg and Smokier (1964), Lindley (1956), Lesser

(1978), Zellner (1971), and Larson (1982). All of these authors follow

the initial thrust of Savage.

The difficulty in the objectivistic position is this. In
any objecti'istic view, probab'lities can apply fruitfully
only to repetitive events, that is, to certain processes; and
(depending on the view in question) it is either meaningless
to talk about the probability that a given proposition is
true, or this probability can be only I or 0, according as the
proposition is in fact true or false.

[Savage, 1972, p. 4)

Jeffreys (1961, p. 401) uses different words but evokes a similar

meaning when be says, "No probability . . . is simply a frequency. The

fundamental idea is that of a reasonable degree of belief, which satis-

fies certain rules of consistency and can in consequence of these rules

be formally expressed by nusbers . . . ." Thus Jeffreys introduces a
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subjective probability theory with probability being regarded as repre-

senting a degree of reasonable belief rather than a frequency.

An essential element of the subjective theory approach is Bayes'

theorem. However, Leamer (1978, p. 23) points out that, "What dis-

tinquishes Bayesians from non-Bayesians is not their acceptance of the

conditional probability rule but rather their willingness to apply it to

events A that clearly admit no frequency interpretation." In proba-

bility notation, the Bayes theorem is expressed as

122) p(y,B) = p(y 6) p(O)
= p(e y) p(y)

and thus

1231 p(Oy) = p(y)

with p(y) $ 0. This last expression tan tie written as

i 1241 p(Oly) a p(O) p(yJO)

where a denotes proportionality; p181y) is the posterior probability

density function (pdt), for the parameter vetor 0. given the sample

information y, p(ylO), viewed as a function of 8, is the well-known

likelihood function, and p(O) is the prior pdf. In words, then, the

posterior pdf is proportional to the prior pdf times the likelihood

eat imator.

The transition fro this uaderstanding of Bayes' theorem and the

posterior pdf which follows therefrom to the application in the linear

model is not very difficult Nowv r, due to the notation involved, the

specifies of the subjettive posterior distribution of the linear m iel

are presented in Appenda D Suffice to say here that the subjective or
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Bayesian view of statistics provides a posterior estimate of the distri-

bution on the P-coefficients. That posterior estimate has a mean which

is a weighted linear convex combination of the prior mean and the maxi-

mum likelihood location with the weights being proportional to the

precisions of each.

The weighted combination used in the development of the posterior

estimation of 0 is especially useful when the data are "weak." Weak

data may be a result of few observations or it may also be the result of

poorly specified models. Since the USAFA has been in existence but 29

years and only 23-26 observations are available for use in this study,

the role of subjective econometrics becomes even larger in providing

meaningful estimates of the P-coefficients for the specified models.

Analytical Processes

This portion of the chapter is a description of the analytical

thought processes which evolved as the specified statistical techniques

and methods were employed. Specifically, Appendix D covers multiple

linear regression and subjective statistical theory while Appendix G

presents a brief yet thorough discussion of solutions to the problems

which arose when the data did not conform to the assumptions which are

inherent in the statistical technique employed. This section of the

chapter is further subdivided according to the two sets of data, even

though there are many similarities between the two sets.

To make the USAFA data compatible 15 with the elicited prior o-

pinions of experts, multiple linear regression (lR) techniques were

modified to force the constant value to be nonexistent and the total
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explanation of variation to be swallowed-up in the estimated parameter

values. The model now appears specifically as

125) Nd = PNS + P2SC + P3RS 4 04PH + 5LD + P6 FQ + P7 FE + P8 S' + t'

with the expectation that 01, f3 5 07' and P8 would have positive signs;

that is, the respective independent variables have a positive effect on

the number of students who drop. The number of students in a class (NS)

is almost certain to have a positive influence on N The statistical

question becomes one of proportionality. Perhaps the cliche "misery

likes company" best explains the expected positive sign on P3 for RS. A

more academically homogeneous group (interpreted by a reduction in RS)

would then result in fewer dropouts because fellow classmates feel the

aame pressures and do not feel "alone." There is ore of a feeling of

identity, both with the university and with fellow students, and as

indicated in Chapter 11 under the section on attrition, less likelihood

for dropout. Less student-faculty interaction is offered as the single

most critical explanation for the expected positive signs on both p7 and

08, In theory at least, a student is more likely to react with someone

more nearly contemporary than someone else, say from the preceding

generation. And the sign associated with SF presupposes that a 1:1

relation is ore productive than 2:1 or 4:1.

The expected negative sign of P2 associated with SC was debated by

various authors writing on attrition. However, in the general context,

a more academically prepared class, as evidenced by a higher SC, would

likely have fewer students drop from the program. Each of the remaining

coefficients, P4 , P5, sad 06, could reasonably have either positive or

negative signs. Adequate justification could be presented to support
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either sign. However, from the perspective of the USAFA, both 04 and 05

should be negative to justify the policy of using PH and LD as ad-

mittance criteria when faced witn increased attrition, especially if

.1 either of them is discovered to be a statistically significant determi-

nant of attrition.

The general result of building a model like equation 1251, void of2!
the constant, is a reduction in the multiple R2 value, that is, a small

t portion of the explained variation becomes unexplained while total

variation remains unchanged. However, the overall result could be

i interpreted as a much richer description of the educational process

. using the inputs outlined with no additional input values tied to a

nondescriptive constant value. All models were developed void of the

constant value.

The next item of concern was to insure that all assumptions had

been met. (See Appendix D for a list of those assumptions.) Three of

the critical ones are, (1) that no exact linear relationship exists

between any two or more of the independent input variables, (2) the

error term has a constant variance, and (3) that the errors corre-

sponding to different observations are not correlated. The first as-

sumption was easy to test and the data conformed. The second was tested

by plotting the squared residual values versus each of the independent

variables and against time and making a visual examination to determine

whether the residual term did in fact exhibit constant variation. Based

on those visual observations, it was determined that heteroacedasticity

was not a problem with the data and the second assumption held true.

The third of those three major assumptions did not fall so easily

into place. On four of the five models developed (sophomore, junior,

f
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senior, and aggregate) the Durbin-Watson statistic indicated that serial

correlation among the error terms may be a problem; at least the sta-

tistic was such that serial correlation could not be ruled out. And in

three of those models (sophomore, senior, and aggregate) the form of

that possible correlation was negative.

Serial correlation is a condition, usually present in time-series

data, where the error term from one time period is related to an error

term or terms from closely associated time periods. In the junior model

under study, that association which could not be definitely ruled out

was positive in nature, while in the other three models it was a nega-

tive relationship. The freshman model was the only one to effectively

rule out that correlation. The negative serial correlation in the

majority of the models may be explained by overcompensation in the

opposite direction. That means a high dropout rate this year will be

associated with a low dropout rate next year. (This presupposes that a

university has a great deal of control over who drops and who stays.)

This process continues but obviously within certain bounds.

Pindyck and Rubinfeld (1981, p. 153) commenting on serial corre-

lation, say: "As a general rule, the presence of serial correlation

will not affect the unbiasedness or consistency of the ordinary least-

squares regression estimators, but it does affect their efficiency.

Therefore, the Hildreth-Lu procedure (see Appendix G) was implemented

to atone for the loss of efficiency. The models so corrected take the

form found in equation (261.

4[ (261 (t t- )  ( pXt) I i 2(X2t - 6X2t-l) "

(e t - pet-1 ) .
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The models requiring correction (sophomore, junior, senior, and aggre-

gate) nov appear as

1273 (Ndt - PNd 1 pI(NSt - pNSt-I) + 2 (SCt - pSCt-1 ) + 3 (RSt -

pRSt.1) + 4 (PHt - PPH t. ) + 5 (LDt - pLDt_1 )

+ 06(FQt - PFQt. 1 + 07 (FEt - pFEtl1 ) 4 08(SFt
"S St-d) + (Et " Prt-1 )"

The classical results, after correcting for correlation where necessary,

are presented in raw form at the beginning of Appendix H.

Following the development of the classical models as indicated by

equation (271, the attempt was made to develop a more explicit classical

model of the major determinants of attrition through the use of stepwise

regression. "In stepwise regression one adds variables to a model to

maximize R2 or equivalently to minimize the error sum of squares (ESS),"

(Pindyck and Rubinfeld, 1981, p. 93). However, the results of such a

stepwise regression have to be carefully interpreted.

While stepwise regression can be useful in helping one to
look at data when there are a large number of possible ex-
planatory variables to include, it is of little or no value
when one is attempting to analyze a model statistically. The
reason is that t and F tests consider the test of a null
hypothesis under the assumption that the model is given cor-
rectly, i.e., correctly specified. If we have searched over a
large set of variables, selecting those that fit well, we are
likely to get significant t tests with great frequency. As a
result, the large t statistics do not allow us to reject the
null hypothesis at a given level of significance.

[Pindyck and Rubinfeld, 1981, pp. 93-41

The classical results of the stepwise regression are included as part of

Appendix H.

After all classical results were obtained, the elicited opinions of

three individuals closely associated with the admissions process at the

academy were averaged. 16 The averages were used with the HA results in
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the previously specified weighted fashion to obtain the posterior

distribution of the i That posterior distribution of the 0 values is

a t-distribution with the location specified by the posterior P values

found in the last section of Appendix H. It is precisely that posterior

distribution upon which many of the conclusions of Chapter V are based.

The UoflU,KBA model is explicitly given as

1281 Nd = alNS + a 2SC a3 RS + 4AA + p.

The raw data are presented in Table 10.

Chapter Summary

Chapter IV has been a presentation of the input and output varia-

bles used in this dissertation. Definitions were provided and measure-

ments of the variables described. The chapter concluded with a section

on the analyses which were performed. A major portion of that section

was devoted to a description of Bayesian (subjective) statistics and the

role that Bayes' theorem plays in arriving at a posterior pdf, or in the

Table 10--Raw Data for UofU,KBA Program

Year Nd NS SC RS AA

1970 52 98 1079.234 499 26.557
1971 49 78 1099.577 462 26.654
1972 63 85 1090.877 639 27.357
1973 36 75 1110.227 597 26.160
1974 43 77 1113.581 473 26.616

t 1975 40 78 1131.513 449 26.115
1976 31 65 1162.609 511 26.346

%alto were extracted from University of Utah records by personnel

associated vith the MM staff. It vas provided this author in raw form
on an individual student basis and was further condensed to represent
class data as it appears here.

11) . 1 01I 

I
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case of the linear model, the posterior distribution of the P-coef-

ficients. A word of caution is paramount at this point, and that is--

the posterior Pt are not meant to be observable characteristics which

describe the real world. Instead, they represent the author's opinions

about the observable and measurable inputs and outputs of the particular

university under study. Therefore, great care must be exercised in

drawing conclusions and the inference which those conclusions have for

other institutions as regards to attrition from universities.

*1t

4,

1+
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Notes to Chapter IV

1. The USAFA Office of Research (RRE) made available all infor-
mation of a data nature. Host was extracted from United States Air
Force AcadeMy, Statistical Summaries of USAFA Cadets and Graduates,
Colorado Springs: USAFA/RRE, June 30, 1983. Other pieces not available
in that publication were taken from data maintained by RRE on the
characteristics of entering classes at the Air Force Academy. Data
for the UofU,NBA program were collected by personnel associated with
that program and taken from school records and personal student files.

2. Although not performed specifically for the effect upon at-
trition, Lawrence W. Kenny, "A Model of Optimal Plant Size With An
Application to the Demand for Cognitive Achievement and for School
Size," Economic Inquiry, April 1982, XX, 250, found that the scale of
operations as defined by school size is an important factor in measure-
ment of student achievement. For that reason, scale becomes a question
of interest in examining attrition at universities. See also: P. A.
Watt, "Economies of Scale in Schools: Some Evidence from the Private
Sector," Applied Economics, 1980, 12, 235.

3. See Clinton I. Chase and L. Spencer Barritt, "A Table of Con-
cordance Between ACT and SAT," The Journal of College Student Personnel,
H1rch 1966, 7, 105; and Oscar T. Lenning, Predictive Validity of The
ACT Tests at Selective Colleges, ACT Research Report No. 69, Iowa City:
ACT Publications, 1975, 1. The latter work also contains the results
of a case study comparing results of entering students who took the SAT
with those who took the ACT at the USAFA during the 1967 - 1969 freshmen
years. The conclusion of that case study was that the ACT is as pre-
dictive as the SAT for predicting student success at a selective uni-
versity. See pages 5-10 of that report.

4. See The United States Air Force Academy--Questions and Answers,
1983, 1.

5. See "Preparation," 1981, a pamphlet prepared by the USAFA and
sent to all potential enrollees of the Academy. Physical refers to the
strenuous body-building activities while leadership takes in a host of
areas such as high school student government, scouts, and membership in
commnity organizations.

6. See The United States Air Force Academy Catalog, Colorado
Springs: Admissions Liason Office, 1983-4, 93. The yearly published
catalog contains information on all requirements for admittance to the
Academy.

7. See the educational production function studies wbich were
referenced and reviewed in detail in Chapter II and Appendix C.

S. See The United States Air Force Academy--Question. and Answers,
1983, 22. Also see all editions (1956 - 19S4) of the institutional
catalog which lists individual faculty members along with their re-
spoctive scholarly accolades.
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9. Steven T. Bossert, Chairman of the Educational Administration
* Department at the University of Utah, feels that the student-faculty

ratio is a poor measure of that interaction. In an oral interview with
the author, he expressed that perhaps a better measure of pupil-in-
structor contact would be class size as defined by the number of
students in each class being taught.

10. See Catalog, (1983-4), 50; also Questions and Answers, 1983,
20.

11. This preuniversity training is military in nature. All pro-
spective cadets go through this training which might well be likened to
basic military training which all service inductees receive. Even
though there is considerable attrition from this part of the cadets'
program, this effort only focuses upon attrition from the univeristy
subsequent to the Basic Cadet Training (BCT) as it is called.

12. The first alternative to the objective view that probability is
a physical concept such as frequency, was enunciated by James Bernoulli,
1713, in Ars Conjectandi. He said that probability is a "degree of
confidence." Savage made the first publication of his work Foundations
in 1954. Subsequent to that time he reevaluated his position somewhat
and reconsidered the appropriateness of many frequentistic applications.
The second edition was then published in 1972, not appreciably changing
his first publication, but adding more recent developments, a new
preface, new footnotes, and a supplementary 180-item, annotated bibli-
ography. Savage asserts that "the foundations are the most contro-
versial a subject as one could name." (Savage, 1972, 1)

13. Usually the likelihood function is expressed as 1(81 y) to
emphasize that it is not a probability density function (pdf), whereas
p(ylO) is a pdf for the sample observations y given the parameters 8.

14. For a treatment of this extremely critical facet of Bayesian
econometrics, see Arnold Zellner, An Introduction to Bayesian Inference
in Econometrics, New York: John Wiley & Sons, Inc., 1971, 13-57; or

Edward E. Lesser, Specification Searches, Ad Hoc Inference with Non-
experimental Data, New York: John Wiley & Sons, Inc., 1978, 22-40.

15. Compatability referred to here is for matrix algebra purposes.

16. Several methods currently exist for reconciling the differences
between elicited opinions of two or more experts. One such method is
"Delphi," a technique developed for the military by Rand Corporation.
See Dalkey and Helmer (1963), Gordon and Helmer (1966), Gordon (1968),
Dalkey (196), and Linstone and Turoff (1975). Another form or alterna-
tive, also developed by Rand is "Delphi Method II." See Brown et al.,
(1969). Both of these methods were created to ameliorate difficulties
associated with face-to-face task groups. Delphi is a forecasting
method which makes use of subjective probability theory and which is
designed to depersonalize or reduce personal sources of bias in pre-
paring forecasts. It provides a system for combining expert opinions
into a group consensus of probabilistic events. Much has been written,
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both pro and con, on the Delphi Method. See Sahal and Yee (1975),
Nelson (1975), Spangler (1976) and Bunn (1979). Due to some of the
problems inherent in Delphi, Ford (1975) developed an alternative to

Delphi called "Shang Inquiry" and Brockhaus (1975) developed POSTURE, a
Policy Specification Technique Using Realistic Environments. Perhaps
the most critical approach to Delphi, however, comes from Morris (1971,

p. 6) where he writes, "...the most succinct way to characterize Delphi
from our point of view is as a classical statistics treatment of an
inherently Bayesian problem." Most of the techniques mentioned are
primarily concerned with the opinions of experts in forecasting for
policy formulation or taking some action based on those opinions.
Because this dissertation utilizes the subjective opinions in a weighted
fashion with maximum likelihood estimators in an attempt to explain
rather than forecast, a simple average of the three elicited opinions is
used in this study in lieu of Delphi or any other group consensus tech-
nique.

I

E'r



CHAPTER V

CONCLUSIONS AJD RECOMWDATIONS

Introduction

This final chapter contains the results and conclusions of the

study on the two data sets. In all cases, results are presented in

table form (either in this chapter or in Appendix H) for all levels of

the study for which specific models were developed. However, following

the macro approach which was previously specified in Chapters I and III,

and for which a university shows major concern regarding attrition, the

emphasis is on the conclusions for the aggregate model even though

individual models are discussed. During any given academic year, the

undergraduate university has students enrolled in all four levels and

attrition can occur from any one of those four. Hence the interest for

policy planning should be focused on the determinants of attrition from

all four levels simltaneously--the aggregate model. In presenting the

conclusions, specifics are offered and the care spoken of in Chapter IV

is exercised as implications are drawn for both the classical and sub-

jective statistical results. Additionally, recomendations are given.

These fall under one of two categories, recomendations based on the

0 findings described herein and recomendations for further study in the

area of attrition from universities, the latter having its own section.

The chapter is drawn to a close with a study and chapter suary.
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General

The result of applying joint product production theory to insti-

tutional output for universities is most interesting. It is strongly

believed that the results are sufficiently positive to suggest that the

same method be put forth as a possible way of researching all output of

a university, including research and comunity service. Perhaps such

efforts could use the tri-level output measures themselves as the joint

output with various combinations of inputs, following the examples of

Chizmag and Zak (1983). But, what is it that allows one to conclude
4

positive results? It is imperative that that question be answered

within the realm of the classical and subjective statistical results

respectively.

Classical Results

One of the most striking results of the maximum likelihood esti-

2
mator equations is the value of the adjusted R for each model. (R is

defined as the percentage of variation "explained" by the linear re-

lationship depicted in the model developed.) When estimating the number
R2

of students who will drop out, the adjusted R took on values of .92 for

freshmen, .90 for sophomores, .56 for juniors, .44 for seniors, and .89

when calculated on the aSgregate. When the estimation is accomplished

for the number of students who finish as expressed by equation 1161, the

alternative equation for the joint product output, the relationship

exposed in (17'1 is numerically derived (see Chapter III) but the ad-

justed 3.2 is significantly different from that associated with the

2
respective Vd equation. The adjusted R values for each Nf model are

presented in Appendix H along with the statistical information for the

estiated od models. R2 values for Nf were .992, .995, .990, .998, and
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.996 for the freshnwn through aggregate models respectively.

All of these R2 values are for models which are "good fit models,"

statistically speaking. The degree of statistical significance is

determined by the F statistic which is presented as a part of the

classical results in the tables of Appendix H. The F statistic can be

used to test the significance of the R2 value. In all models, the F

value was large enough to conclude that R2 was definitely greater than

zero. Strictly speaking, the F statistic is a summary test of the

hypothesis that none of the independent variables helps to explain the

variation of the dependent variable about its mean. In other words, the

F statistic tests the joint, null hypothesis that 01 = 02 =

2
0. If the null hypothesis is true, one would expect R , and therefore

F, to be close to zero. The relatively high values of R2 and F for the

developed models provide rationale for rejecting the null hypothesis and

concluding statistically significant models with one or more 0i differ-

0 ent from zero. A discussion on which specific inputs are statistically

different from zero is reserved for the next section. However, the

signs of the coefficients (positive or negative) are an important part

of the classical model results.

There was not a single input variable which maintained a con-

sistently positive or negative sign throughout all five models. All

signs from each of the models are presented in Table II. As equation

117'1 showed earlier, all of the Nf coefficient signs, except that

associated with NS, are reversed; i.e., if the sign is negative in Table

11, it is positive for the Nf equation; but of identical magnitude. In

examining the coefficient signs and making a comparison with the ex-

pected signs as expressed in Chapter IV, it is essential to proceed in a
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Table Il--USAFA Models' Signs of Nd Coefficients

Modela

Variable Freshman Sophomore Junior Senior Aggregate

SC (-)1-J (-)1-i *)+ '..)j) (+)j-}

FQ (-)[0J (-)[0] (+)10] ()t0J (-)j0

SF (N)O} (t)j0] (-)[0] (-)OH (+)I+]

aFor ease of interpretation, the MLE sign is included in (parentheses)

and the prior opinions sign is in [brackets). The signs on the sub-
jective posterior coefficients depend on the weighting (T0) used. See

Tables 31 and 32 in Appendix H.

A

'

A
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coefficient by coefficient manner in conjunction with the magnitude (how

large in a positive or negative direction) of each coefficient. Such a

step by step comparison follows in the Subjective section.

Subjective Results

An astute observer of the traditional numerical results alone may

conclude that only one or two input coefficients are statistically

different from zero. However, such a statement implies some standard

level oi statistical significance--usually S percent. Subjective econo-

metrics takes an altogether different view of the hypothesis testing

routine. Basically, all coefficients become statistically significant

at some level of willingness to accept the fact that the null hypothesis

was incorrectly rejected. (See Appendix I for an indepth explanation of

Type I and Type II errors along with a definition and explanation of the

power function.) But in accepting the fact that the null hypothesis was

incorrectly rejected, the power of the test is increased.

If the researcher did not have strong a priori thoughts or opinions

about the variables included in his model, he would not include them

It is neither surprising nor unwarranted that a large
informative sample leads to the rejection of the hypothesis.
One, in those circumstances, should trouble himself not with
the results of classical hypothesis testing but rather with
the question of why he bothered to test a false hypothesis in
the first place. As it turns out, hypothesis testing does

have some validity, even when a restriction is practically
*certain to be false. . e are thus concerned with situ-

ations in which classical hypothesis testing has an unambigu-
ously legitimate function.

[Lemer, 1978, pp. 89-901

Model specification is itself, then, often subjective by nature. More

specifically the coefficient values themselves are declared statisti-

cally significant based on a subjective willingness to accept a larger I
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Type I error. With that brief introduction to the importance pf sub-

jectivity, implicit in classical analysis, the step by step review of

coefficient values and signs can be accomplished.

The coetficient sign attendant NS appeared positive, as expected,

in four of the five models. The fifth model was for the senior year.

It is of importance to note that the senior NS coefficient is the only

one associated with NS which does not appear statistically significant,

even to the C = .40 level. All other NS coefficients were significant

at the a = .05 level. (The conclusions, as they apply to all inputs,

for university policy implementation are reserved until later in the

chapter.)

The sign of the SC coefficient was not as consistent as that of NS

nor was it consistent with the expected negative sign. It only appeared

negative in the freshman and sophomore models but neither of those two

coefficients was statistically significant at any level to a = .40. All

three positive signs appeared with coefficient values which were sta-

tistically significant to some specified level. The interpretation of

the positive sign is that an increase of 1000 points in class SC will

result in a significant (217-298) increase in N or equivalently,

approximately 20-30% of the increase in SC; i.e., if SC increases by ten

points while all other inputs are held constant, two or three more

students will drop from that class with the ten points higher SC, some-

time during the junior or senior year.

FRS produced coefficients which were more frequently opposite in

sign to that expected. Four of the five were negative with three of

those four being significantly different from zero. The senior model

had a significantly positive sign while the freshman model appeared

• I
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insignificantly negative. In words, an increase in RS should theoreti-

cally result in a decrease in Nd, by approximately 13-28% of the RS

increase.

As previously indicated, PH, LD, and FQ coefficient signs could

justifiably be expected to be either positive or negative. In the case

of PH, four of the five parameter values were negative with three of

them being statistically significant at a = .40. The junior model

parameter was the negative, insignificant one while the sophomore model

produced a positive hut insignificant coefficient. Neither LD nor FQ

exhibited much in the way of statistical contribution to the model.

However, the EQ coefficient was significantly negative in both the

sophomore and aggregate models with a specified a = .20. As for the FQ

contribution to the model, a one percent increase in FQ should result in

a decrease of 3-4 persons in the Nd dependent variable.

Both FE and SF coefficients were expected to have positive signs,

and in three of the five models, both had positive signs. The negative

parameter values occurred in the junior and senior models for both

variables. The most notable difference between the two variables is the

consistent statistical importance of FE and the lack of such consistency

in SF. The significance of the FE coefficient creates a situation which

could he termed paradoxical. That is, an icurease in FE by one year

will, in theory at least, result in increased Nd by 14-23 students

during the freshman and sophomore years. However, that same increase in

oe FE results in a decreased Nd of 7-16 students during the junior and

senior years. The inferences for USAFA policy of such a paradoxical

situation are reserved for the subsequent section on USAFA Conclusions.

The SF coefficient was found to be significant at a .20 in the

-V" -
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sophomore model and at a = .40 in the aggregate model. An increase of

the SF ratio by one, i.e., from 10:1 to 11:1, will theoretically result

in an increase of 2-6 N students.
d

All subjective posterior coefficient estimates are in agreement

with the preceding paragraphs on the subjective interpretation of

classical results. (See Table 31 in Appendix H for posterior parameter

estimates.)

The major hypothesis tested in this dissertation was stated as

being an empirical test of the joint product methodology put forth.

Although no comparison was made between the joint product output as

defined herein and a single output equation, the results of the joint

models are statistically positive enough to conclude sound methodology.

A comparison is not required directly. The literature reviewed in

Chapter II showed that a university's output is multi-product. The

major hypothesis here was that a joint product production function would

satisfactorily measure the joint products. The results are sufficiently

meaningful in that every model developed proved to have variables in

each of the three specific areas studied, scale of operations, student

characteristics, and university or institutional characteristics which

were statistically significant contributors to the model development.

Conclusions other than the major one already stated are for the

specific data sets and are covered under their respective areas which

follow here.

USAFA Conclusions

In every one of the five models developed and particularly in the

aggregate model, 9S, representing the scale of operations for the Air

Force Acadewy, was found to be statistically significant. (See Table

_ _ _ _ _ _ _
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12.) Thus from the standpoint of policy with respect to current enroll-

ment levels, the number of students enrolled is of statistical is-

portance in its effect upon the number of studnents who drop. In an

effort to determine the extent and direction of that significance, a

classical regression repesenting a cubical parabola was accomplished.
2

A general graphic presentation of the USAFA models, using the cubical

parabolic form is presented in Figure 9. The data reflect that there

exists some local minimum and maximum Nd for a specified NS level. To

precisely locate NS where the local minimum and maximum occur, the first

partial derivative of the Nd cubical equation was calculated with re-

spect to NS. The results, after checking to confirm whether each root

was a minimum or maximum, for each model are presented as part of Table

13.

WLen compared to the actual number of students who have histori-

cally been admitted to the Academy (the last row of Table 13), the in-

itial conclusion is that the scale of operations, with regard to the

Nd

figure 9. Typical Cubical Parabola for USAFA Data



Table 12--Statistical Significance of USAFA Coefficients

Variable Freshman So homore Junior Senior A&Zreg&a _

NS .95 .95 .95 .9 5
a  .95

SC .60 .95 .60

RS .60 .95 .60 .90

PH .60 .60 .60

LD .60

FQ .60 .80 .80

FE .95 .90 .80 .80

SF .80 .60

a This significance is for the Nf equation.

Table 13--NS Values Where Nd is at a Local Minimum or Maximum

NSa Freshman Sophomore Junior Senior Aggregate

Minimum .37 .33 .39 .27 2.67

Maximum 1.44 -3.41 .93 .67 6.18

Historical
Average 1.116 .909 .792 .718 3.697

a
NS is presented in thousands.

I'.,
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number of cadets, has been excessively large, i.e., NS was at a point

where the resulting Nd was greater than the local minimum. Thus NS was,

in effect, contributing to attrition. Table 13 also indicates that when

the total Academy (aggregate) NS reaches 6180, the local maximum Nd will

he reached and as NS grows beyond that point, Nd would theoretically

start a decline. Caution must be exercised, however, because that scale

of operations in the cubical equation has never been experienced and
t

thus lies outside the parameters for safe extrapolation.

The key to the overall effect of scale on attrition is in the

explicit academy goal (as previously established in Chapter I) to pro-

duce 1000 graduates. The cubical model for seniors indicates that Nd

for seniors will be extremely low when 1000 or more cadets begin the

senior year Of course, students have to complete the first three years

to enter the fourth, but once the attrition rates are theoretically

known for seniors, each respectivr prior level model can in turn be

developed and ultimately the optimum scale of operations derived for the

initial freshman entering class. When used in conjunction with the

atademy goals in that fashion, it is concluded that the scale of oper-

ations is too small, both for attrition and for the goal.

Of the four class characteristics measured, the most important

discovery dealt with the range of scores from the college entrance

examination for each class entering the institution (RS). The im-

portance of that variable input is in the sign attached to the coef-

ficient. As shown in Table 11, in all of the models developed except

the senior model, the RS coefficient took on a negative (-) sign in the

drop (Nd) equation. That means If the academy admissions policy allows

increases in the range of score for any given entering class over the RS

r' ' m m l
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for another class with comparable characteristics, the class with the

greater range is less likely to have a greater number of students quit

at every step along the four year university ladder to an undergraduate

degree. In other words, the more heterogeneous (as measured by a larger

RS) a given class is as it enters school, the more likely it is to have

a higher percentage of the entering class complete. The negative sign

is contrary to the expected positive sign as previously expressed in

Chapter IV. Therefore, it is acknowledged that the exposed effect of

RS on Nd is counterintuitive.

Given that heterogeneity quality, it then becomes critical to ex-

amine the effect of the magnitude of coefficient values of the remainder

of class-characteristic variables in conjunction with the signs attached

to the respective coefficients. Of the remaining three class-charac-

teristic variables, the most significant was score (SC). The positive

(+) sign attached to the aggregate level coefficient of the Nd equation,

theoretically indicates that if the overall entering class SC were in-

creased, the number of students who quit the academy would also in-

crease. Of course, this result is contrary to reason, to the expected

sign of the coefficient attached to SC, and to the desires of a uni-

versity to admit better academically prepared classes. However, it

does provide some evidence in support of the finding of Iffert (1958)

that 30.5% of those in the top fifth of their high school class and who

go on to college, drop. (See Appendix B for a review of the Iffert

study.) This finding also agrees with Cope and Hannah (1975, pp. 104-5)

where they stress other factors besides high SAT or ACT scores for

college admission. In addition, the negative coefficients on the fresh-

man &ad sophomore models theoretically indicate that a decrease in SC
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will result in increased Nd during those two years and fewer Nd in the

junior and senior years. This has the effect of having dropouts occur

earlier in the program and thus keeping cost per dropout lower than if

they drop as juniors or seniors.

Thus, entrance exam scores, as measured by the entering class

average SAT or SAT-equivalent score, can be predictive, not of the

individual's dropout behavior but of the overall class dropout behavior.

However, the most important aspect of SC comes when its conclusions are

combined with those of RS previously described. The results of the

USAFA data study indicate that a class which enters school with a lower

class mean on the college entrance exams and which is not quite so

closely grouped, or more heterogeneous, as measured by the range of

scores on the same examination, will likely lose fewer students to

attrition.

The other two class-characteristic variables lag somewhat behind RS

and SC for explanatory power. The physical (PH) measure provides pre-

dominantly the same results as those just described for SC in the fresh-

man model. An increase in the class level of achievement in PH is most

likely to result in a decrease in the number of students who fall by the

wayside and drop out of the academy during the freshman, junior, and

senior years. The sophomore year is an exception but is insignificant.

However, the leadership (LD) variable, with a positive (+) sign attached

to the freshman model coefficient, is theoretically interpreted that an

increase in the class average LD score will result in an increase in the

number of dropouts from that class in the freshman year. Temper that

with the fact that all other LD ile coefficients are not statistically

different from zero and two of the three elicited expert opinions
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specified that LD as an inrst has no effect upon the number of students

who will finish. Certainly from a policy point of view, LD implicitly

appears as one of the least significant of the class characteristic

input variables in the aggregate model.

Of the three variables representing the institutional inputs of the

educational production functions, faculty quality, faculty experience,

and student-faculty ratio, Table 12 and the stepwise regression pro-

cedure both indicate that faculty experience is the one having the most

effect upon retention of students in the academy environment. When

looking at the freshman, sophomore and aggregate models, fewer students

are likely to drop from school during the years when faculty experience

is lowest. Because the measurement of the FE variable was defined as

"years of military experience," the interpretation of the signs (Table

11) on the coefficient attached to FE is that freshman and sophomore

students relate better to more contemporary junior officers. As the

experience level of the faculty at the USAFA increases, the numbers of

freshmen and sophomores who drop will increase also. This is a meaning-

ful argument for a policy of using military professors with less mili-

tary experience, and/or a more collegiate orientation in the lower di-

vision courses most likely taken by freshmen and sophomores. However,

lowering FE has the effect of increasing Nd among juniors and seniors,

so the same policy paradox occurs when treating FE as already discussed

in SC. By increasing FE, more freshmen and sophomores but fewer juniors

and seniors will drop. The cost per dropout may be reduced by having

more cadets drop during the early years and fewer during the latter.

The last variable input measured, student-faculty ratio (SF), did

not emerge as a very important factor. As Table II shows, an increase
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in the SF may he detrimental to retention rates, particularly in the

early years where the most significant SF coefficient occurs for the

sophomore model. The aggregate model, though not as statistically sig-

nificant, supports the conclusion. The negative signs which do appear

are not of statistical importance. Therefore, smaller student-faculty

ratios are likely to result in decreases in the number of students who

drop.

Based on all of these findings, it is concluded that the joint

product educational production function is a valid method for measuring

output. at the USAFA, particularly as that output applies to educated

graduates and educated nongraduates. The models indicate that the most

profitable areas for change in attrition are the scale of operations,

faculty experience, and two of the class characteristics, SC and RS. An

increase in scale of more heterogeneous students with a corresponding

increase in faculty, i.e., SF ratio constant or declining slightly,

could theoretically result in reducing attrition and subsequently re-

ducing the cost per graduate at the USAFA. More heterogeneous inputs

should be encouraged and where possible, the more diverse group of

students should be evidenced by greater spread at the lower end of the

spectrum whether that be for college entrance exam scores, a physical

conditioning measure, or any other measure used for student admittance

criterion. It is reemphasized here that such institutional changes

will not insure the completion and graduation by a given student but the IVr
overall completion rate can be improved.

UofUIIBA Conclusions

It was previously stated that the data for the UofUMA program

w'uld be presented primarily for descriptive purposes. The primary
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reason is the obvious lack of data. Table 10 in Chapter IV presented

the data. Table 14 is a presentation of the results of performing the

aforementioned statistical routines. The results vhlch are most

obvious are the relatively high R2 value with its attendant F-value, a

statistically significant neqative coefficient with score (SC), and the

extremely important part which the average age (AA) plays in helping to

explain the variation of the number of students who drop. Contrary to

the USAFA results, the scale of oeprations does not have a significant

effect.

Of the two significant inputs, AA appears more important. It

appears that a younger class will have a better opportunity to complete

a higher percentage of the enrolled students. One possible explanation

is that older students (if they could be specifically identified as the

dropouts) may enroll in the two-year NBA course of study only to improve

Table 14--UofU,NBA Results (Nd)

Variables HLE Prior Posterior
Coefficient Opinion Coefficient

(SE) (T° = .01)

NS -.0689 -.0003 -.0682
(.274)

SC -.2633 -.0600 -.2613
(.071)

RS -.0165 .0569 -.0157
(.029)

AA 13.2704 3.4250 13.173
r (3.961)

R2  .924

M 4.196

F-value 12.155

Durbin-Watson 2.626

K
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their knowledge of business and not with the express goal of graduation,

whereas, the younger students right out of undergraduate school may be

attempting to improve job opportunities and are thus more intent on

completing the coursework.

SC is also a significant factor, and the negative sign is more in

consonance with the sign one would expect on SC. That is, the sign

indicates that an increase in the class average score, as previously

defined in Chapter IV, will theoretically result in fewer students

quitting. The difference between the two data sets for this coefficient

sign could logically be explained by the hypothetical belief that aca-

demic achievement as measured by the respective SC is more important to

a graduate program than to an undergraduate one. 4

Based on these results, which are in turn based on few data points,

the University of Utah MBA school can theoretically reduce the number of

students quitting the program by seeking to have younger, more academi-

cally prepared students enter the two-year program.

Recommendations for Further Research

The recommendations for further research which have evolved from

the results of the data study of this dissertation and from questions

encountered during the research phase, basically fit into four catego-

ries. The first two are general in nature and could logically be stud-

ied at any university or college. The third area applies to the study

of universities which fit into a certain category--those which screen

candidates and recruit students. The final area applies to service

academies in eneral and the United States Air Force Academy specifi-

cally.

The results of the two data sets are sufficient to warrant further

im m m
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testing and application of the joint product educational production

functions for colleges and universities. It is recommended that such

testing, paralleling that used herein, be accomplished at a larger,

state operated university. It is also recommended that future studies

explore the feasibility of using other indices of output measurement,

including those previously mentioned: credit hours completed, grade-

point-average, a combination such as credit hours times grade-point-

average, or number of students (finishing vs. dropping) times grade-

point-average times credit hours. Any one of these measures appears

warranted because of the emphasis placed upon them by the colleges and

universities in the United States as well as that placed by potential

employers as they examine college records of applicants. Such studies

performed should provide valuable information to any university which is

concerned with reducing attrition.

A further recomendation applies to any university which can afford

the luxury of recruiting or screening applicants for admission. Ex-

plicit (ost functions need to be developed for the recruiting/screening

process in such a fashion that the magnitude of resources saved through

enlarging the recruiting process can be readily determined. This will

result in admitting students with more desirable class characteristics,

thus reducing attrition and ultimately the cost to the school, the

student, and other parties actively involved with the higher educational

process. The time, if not already here, is rapidly approaching when

many applicants, even though highly desirous, will not be afforded

college educational opportunities due to the lack of secondary school

preparation. Increasing the scope of the recruiting/screening process

can be most profitable under such circumstances.

*1 I
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Personnel at the USAFA should closely examine the political

processes involved in admitting students to the Academy. As it was

emphasized in Chapter I, many different student characteristics are

measurable and yet historical studies provide no basis for determining

whether or not a specific student, given certain characteristics, will

persist to graduation. Therefore, admission processes must be such that

those applicants who contribute most to the critcal class character-

istics which are indicative of a lower attrition rate be given every

opportunity to attend the USAFA.

Study Suma r

This dissertation examined attrition at universities using a joint

product educational production function. Data sets from two sources

were examined using subjective statistical analysis techniques in an

attempt to discover the validity of the joint product methodology as

well as highlighting which if any of the input variables used were

critical in light of attrition rates at universities. The United States

Air Force Academy was used as a primary source of data. The variables

employed were grouped so as to measure the scale of operations, input

characteristics of the particular group of students attending the uni-

versity, and technology of the institution itself. All inputs were

macro in that the emphasis was not on a given student, but rather on the

group to which the student belonged.

Chapter II presented a detailed review of the literature and the

work which has been accomplished on attrition and on the use of edu-

cational production functions. This effort, in effect, merges the two

portions of literature. Chapter III presented a step by step develop-

sent of the theory of Joint product. And, because the joint output was



121

selected to be educated finishers and educated dropouts with the total

number of entering students as an input, the explicit joint product

functions became single with the implicit joint product function not

being directly estimated in this dissertation. Chapter III also out-

lined the specific methods employed while Chapter IV described the data

from the United States Air Force Academy and the University of Utah,

two-year Master of Business Administration program. A unique feature of

Chapter IV is in the analyses where subjective, Bayesian econometrics is

applied for the first time to educational production functions. One

interesting facet of that technique is the process called elicitation

which is further developed in Appendix A. This chapter has been a pre-

sentation of the conclusions reached as a result of the two separate

data sets studied. Increasing the number of entering students, par-

ticularly in such a fashion that a more heterogeneous class of students

is enrolled, the data indicate that numbers of educated dropouts can be

significantly reduced as a proportion of those attending the academy.

In addition, an increase in faculty experience, though having an adverse

effect upon freshman and sophomores, could be a cost-per-dropout-savings

factor in that fewer juniors and seniors would quit.

The UofU,MBA data revealed that age has a positive effect on the

number of students who drop from that graduate program. And, the level

of academic achievement appears to be more significant for graduate

program retention than for undergraduate programs.

The overall results were sufficiently positive to indicate that

attrition can be successfully examined using joint product production

functions and it is recommended that major follow-on studies be under-

taken.
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Notes to Chapter V

1. In Edward E. Learer, Specification Searches, New York: John
Wiley & Sons, 1978, 87-131, a comprehensive view of the subjective
approach to hypothesis testing is presented. Some of his work is also
included in Appendix I. See Pindyck and Rubinfeld (1981, pp. 26-40) for
a synopsis ot the traditional views on this subject.

2. A cubical parabola is of the form Y = aX3 + bX2 + cX + d. For
the purposes of this dissertation, Nd = aNS

3 * bNS 2 + rNS + d + A SC +
0 RS + 4 PH+ A I.D + A FQ + A F + A SF. All elements to the rigit of
cAS are consideied part of th; intercept. To pinpoint precisely the
location of the intercept, the mean value of sample inputs can be used
in conjunction with the respective coefficient and summed over all
elements contributing to the intercept value. The resultant cubical
parabola, descriptive over the relevant range of the academy history,
theoretically provides information on the effect of scale on the number
of students who drop (Nd).

V

i

ti



APPENDIX A

ON ELICITATION1

One formal way of developing prior opinions about the parameters

(coefficients) of a model is to ask someone who is in the know about

such affairs as are under study. These are the 'experts' referred to in

the text. But when dealing with multiple coefficients such as the case

of multiple regression models, it is extremely difficult for an expert

to express opinions directly about each coefficient. This is even more

of a problem when the information desired is about the distribution of

those coefficients. The way around this difficulty lies in the follow-

ing mathematical relationships:

1291 E(YIXJ, X2, . . . XIEfI + X2Ep2 + ,

130) V(YIXI, X2 , X3 , . 2 + 2 2 . +

2XIX2C(t 1 2 ) + 2XIX 3C(P 1 03 ) +

2X2X3 (02 p3 ) + . + a2e'

where: E expected value (elicited value in the came of Y)

P i coefficients,

V variance,

C covariance,

X i =exogeneous variables,

*Y = endogenous variable,

and the information sought is the Eft and the variance/covariance matrix

oft.
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A simple example illustrates. Suppose a system under study has two

exogeneous variables and one endogeneous variable.

Using the relationships above yields:

131) E(YIX 1, X2 ) X1 EP I + xEP29

(321 V(YIX 1, X2 ) = XVp 2XX 2C(PP 2 ) + 2e.

The questions asked of the expert are of the form: "What is your ex-

pectation of Y Liven Xi = (some value) and X2 = (some value)?" Two such

questions, when answered, provide all that is necessary to have a so-

lution to equation (31), but how about 132]? The first step is to have

the expert provide variance information, i.e., Y ± r, about Y as the

questions are being asked. So, with four sets of questions~bc;.L !31)

and 132) could be solved. However, four responses provide an oppor-

tunity for the expert to become incoherent in the responses offered.

Because it is difficult for an expert to provide estimates on the

variance/covariance of the A terms, several possibilities exist as a so-

lution to this problem. The first is what shall be called "Leamer's

ellipse of all possible posterior expectations." 2 The second is to
assu that the variance/covariance matrix = a2; i.e., all covariance

terms = 0. If that is the case, the priors model can be made condition-

2al on a and two sets of questions are all that would be required toe

provide unique solutions to both 131) and 1321. Yet a third possibility

is to follow the procedures outlined by Zellner (1971, pp. 41-53) for

speclfiying priors to represent "knowing little," one of the most diffi-

cult and controversial aspects of the Bayesian approach to inference.

That is the approach used for the prior opinions elicited here. (See

Appendix D for the specific methodology.)
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The elicitation questionnaires used for both the USAFA and the

UofU],MBA are included for reference.

USAFA Elicitation Questionnaire

I am doing research on attrition, through the use of an educational

production function, at institutions of higher learning. Would you

please take a few moments and answer the following hypothetical

situation questions based on your past experience with the educational

process? Your answers will be extremely helpful in this research

effort. An example of the desired format for the answer along with

definitions is provided before the situations begin.

Example:

GIVEN: DEFINITION OF GIVEN:

SCORE: 1000 The graduating class (G.C.) average
on the SAT and SAT equivalent, sum of
all parts for the whole class upon
college entrance.

RSCORE: 950-1025 Range of G.C. scores on SAT or SAT
equivalent, upon college entrance.

LDRSHIP: 1600 G.C. Ave. of the leadership measure.

PHYSICAL: 500 G.C. Ave. of the physical measure.

NS: 1000 Number of students beginning school
with the G.C.

S/F: 8 Ave. student-faculty ratio for the
four years the G.C. is at the
Academy.

F/Q: 30 Faculty quality as measured by the
percent of faculty who have a Ph.D.
degree. Averaged over the four years
G.C. is at the Academy.

EF: a Experience of faculty--measured in
years of military service. Averaged
over the four years the G.C. is at
the Academy.

i0*
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YOUR The number of students you would
RESP)NSES: expect to complete each year at the

Academy, given the characteristics
specified above.

FIRST 8S0 plus or SECOND 750 plus or

YEAR: minus 10 YEAR: minus 10

THIRD 700 plus or GRAD: 675 plus or
YEAR: minus 8 minus 8

r he plus or minus has the following meaning: The range calcu-

lated by taking two times the stated plus or minus value captures the

actual number ot students you expect to complete each year and subse-

quently graduate, (given those characteristics,) with 95% accuracy;

i.e., you expect to be accurate 95% of the time when specifying that

t59-691 of a class with those characteristics will graduate.

SITUATION

#1 #2 #3 #4 #5 #6 #7 #8

SCORE: 1180 1225 1200 1210 1220 1200 1250 1235

IDRSHP: 1600 1500 1450 1800 1700 1775 1500 1625

G PHYSICAL: 500 350 625 550 600 750 650 575

V NS: 1000 1100 1400 1200 1250 1150 1300 1325
E
N SF: 7 7.5 8 15 6 7 8 10

F/Q: 20% 20% 20% 40% 35% 30% 30% 33%

EF: 8 9 10 9.5 11 7 8 8.5

RSCORE: 800 725 740 680 95 710 750 700

:L4
- - ,' . . -p• - , - i
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YOUR
RESPONSES:

FIRST
YEAR:

SECOND
YEAR:

THIRD
EAR.

GRAD:

Are there any variables which you feel are irrelevant in every

situation? If so, which ones?

Thank you for your time and effort in answering these questions.

UoffULtBA EIlcitat-ion-esti onna ire

I am doing research on attrition, through the use of an educational

production functon, at institutions of higher learning. Would you

please take a few moments and answer the following hypothetical situ-

ation questions based on your past experience with the educational

process? Your answers will be extremely helpful in this research

effort. An example of the desired format for the answer along with

definitions is provided before the situations begin.

Example:

GIVEN: DEFINITION OF GIVEN:
SCORE: 1100 The KBA two-year graduating class

(G.C.) average of (GPA x 200) + GMAT,
upon entering the MRA program.

AGE: 23.5 Average age of students in the G.C.
when they started the NRA program.

WS: 50 Number of students beginning school

with the G.C.

RS: 100 The range of SCORE for an entering
class figured from the lowest to the
highest for each particular class.

pm ,
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YOUR 47 plus or
RESPONSE: minus I The number of students you would

expect to graduate from a class
having the characteristics specified
above.

The plus or minus has the following meaning: The range calculated

by taking two times the stated plus or minus value captures the actual

number of students you expect to actually graduate, (given those char-

acteristics,) with 95% accuracy; i.e., you expect to be accurate 95%

of the time when specifying that 45-49 of a class with those character-

istics will graduate.

SITUATION

#1 #2 #3 #4

SCORE: 1100 1050 1000 1150

G AGE: 22 23 23.5 24
I
V NS: 40 50 45 48
E
N RS: 100 75 80 50

YOUR
RESPONSES:

N1JBE OF

GRADUATES:

Are there any variables which you feel are irrelevant in every

situation? If so, which ones?

Thank you for your time and effort in answering these questions.

4..
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These elicitation questionnaires were tendered to three personnel

involved with the admissions process at the USAFA and to one at the

UofU respectively. The results follow in Tables 15 and 16.
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"1 Table 15--Results of USAFA Elicitation

N for N for N for
Situation Expirt #1 Expirt #2 Expirt #3

1 800 800 750
700 700 650
650 650 620
620 600 600

2 800 950 891

725 875 781
675 800 748
600 775 726

3 1200 1300 1064
1100 1200 924
1000 1150 882
950 900 854

4 1050 1100 936
950 950 816
900 850 780
850 800 756

1100 1150 988
1000 950 862
900 87S 825

850 825 800

61075 1000 874
1000 900 759
900 850 725
850 800 702

1150 1200 11051050 1050 975
950 1050 936
900 1000 910

I 170 1200 1100

1050 1100 967
950 1000 927
900 950 901
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'1 Table 16--Results of UofU,KBA Elicitation

N for
Situation Ede rt

1 25

2 30

3 20

4 32

-I

V
Lr
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Notes to Appendix A

I. Much of the material for this appendix was taken from Joseph
B. Kadane, James M. Dickey, Robert L. Winkler, Wayne S. Smith, and
Stephen C. Peters, "Interactive Elicitation of Opinions for a Normal
Linear Model," Journal of the American Statistical Association, December
1980, 75, 845-54.

2. See Edward E. Leamer, Specification Searches, New York: John
Wiley & Son&, Inc., 1978, 127-9.

II

V



APPENDIX B

NAJOR STUDIES IN ATTRITII)N

Some of the major stuimes performed or) attrition were previously

reteremed in Chapter 11. They .ire addressed here iln greater detail to

pov ide a feel for the methodology employed as well as support for the

(oiilus iois oil University att rition. One additIonal study, that by

lart in Katzman, is also inc luded here.

Astin (-i975)

ite Ast in St i sv important be( ause it is one of the f irst on

.ittrition rese. lrtI to employ longitudinal design (a (ross section of

time serics ditt and the tracking of individual students over several

years ) aind i I ze more than one, inst itut ion. Suit h longitudinal data

make lo%!, s I' the tomji..rison of eivironimentala experlentes of dropouts

and persi.sters diid the use of a variety of inst itutions allows exami-

nat ion of the possible impact of inst itutiondl characterist is. The

source of data used by Astin was 243,156 beginning freshmen student%

sele ted at random from 6S8 two-year and four-year inst itutions in the

fall of 1968. The follow-up was comprised of samples of 300 students

from each institute--approximately 101,000 respondents--in the late

summer and tall of 1972. Of the questionnaires returned, 41,356 were

properly completed and subsequently used in the study.

The Astin-used reasons for dropping out of college were previously

presented in Chapter If in Table 4. His major conclusion is well
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represented by the following statement and Table 17 which shows the

relationship of high school grades to subsequent persistence in (oil ge.

The most "dropout prone" freshmen are those with poor
academi( records in high school, low aspirations, poor study
habits, relatively uneducated parents, and small town back-
grounds. Dropping out is also associated with being older
than most freshmen, having Prostestant parents, having no
current religious preference, and being a cigarette smoker.

By far the greatest predictive factor is the student's
past academic record and academic ability. Next in importance
are the student's degree plans at the time of college en-
t rane, rel igious preference, fol lowed by concern about
(ollege f iriAnces, study habits, and educational attainment ot
parents.

(Astin, 1975, pp. 45-601

Gustavus (1972)

The significance of the Gustavus study is in the attempt to intro-

dce student success as an ordinal concept. This concept is depicted in

Figure 10. for his sample he used students at Florida State University

fJuring the Winter quarter - 1970. lie defined successful students as

persisters for four straight years of (ollege; readmitted students as

Table 17 --Relationship Between Grades and University Persisten(e

High School Percentage of Students Who
Average Grade Persist Stopout Dropout

A or A+ 87 - 7

A- 82 7 11

B+ 77 8 15

B 66 11 23

B- 62 13 25

C¢ 52 13 :35

C 44 13 43

Data extracted from Astin, PreventinL Student s from Droqin_Out,

Table 5, p. 31.



1) rop itt RO,'im It trd Noit Iropout
II e' s I St iidont (most
S'v s t- s IsuJC- esstil )

i Iure' 10. Spiie t rum for College Cot i nuat ion

tt I -t I nm .t , i dent s dI aI fig the qUIilrt vr iinder st Iudy Who had beena re.11l-

mitt i'd it the' begi nn i ng f that qua i-Iv rt, had been out of st hoo I for .t

-., Li. qua,,rt,.r-
, .rI riot yet rvL vc I ed ; i ol li] I ate P degree; ind dropout

.tu lent . a. onI1de Irgdi' i.<41,1toe who had wiIt hdrawrn I frma I Iy at least two years

prev iums lv itid nitt been readmi t ted to any ii vers ty. lie dccompl ished

tI to . npa rII SoIns, in On background ( ha rat Ie r nst Ics and one on academI c

m,,t I vat I.,li and veo ,it ona I ii OnM I t merit . Yor bat kgrouini var ihles he used

aeo at matrtli ulation, $sex, tatthr's o(ttipitoio store, father's eu-

(atioll, mother'.s vdiliat ion , hometoiwn siz, and high so hooI grade point

ave rige III thi first omipari son, onlv fatti-'s eductational attainment

I,% ftmil to, exhibit ,iNi', stat i t iti l sigii i tvidllio to the degree o)f

u ( k Vi,.sN I he var iblo, t r t , lie- ' t-,ld tscon empa r i son were divided between

it demit iid Vo it Iol Aadflhui, m iitva i n lii I uded student's expressed

a I it IIdl , iiiintbe r o I report ed hours per week spent studying titsi id of

, lass, and student plans for radulate sthool , while vocational tolUit-

Ibeit use.d tio) variibl s, whether or not the student had decided on a

miljor field of study when first entering college anil the number ot

thaniges made in ,iademic major.

His i(oclusions cdn he grouped into three basic classes:

1. Very few differences were found between successful students,

readmitted students, and dropouts with regard to background character-

st It's.

2. For lower classes (freshmen and sophomores), readmitted

rI
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st utle t s.ere neli a lv more .i( adermi al Iy mot ivateid and voationaI ly

,,nml ittve., t han 11 llt lilt S.

l j olr iwi lasses. tle" same trend ais III (Onlci us it'll 21 WaS oh-

" ..e've',l but the r.Calmitt., .t til ents were even more mot ivated an1d (om-

mitt,-,l th.it ti t, ' st r i i ,t lent. s

Itfert (1r)8

A,, %,ith tite- A! iin ,tuvly, this toeport has alre idy received a great

,h.,l ,, ist usi, iii this Chapter It. Iftert's report was designed to

.ldress thr.e s.larite' ,tuitst itns. First, what is the college dropout

t.te in re latin t,, type of Institution, economi status of family,

Mlt. at ,tion of student, aademi( pertorman(-e, amount of student self-

hl,1p. p.,rt i ipat loll ii .xt ra( urri(ular act ivi ties, and residence"

St,-ld, uh.it .are the re.j.sris, for (hanging and dropping from college'?

hird , ,h.,t are tht impli|it tonis for universities? The study was based

"I ret . .trts antd retports (t Stuiitst . who entered college as full-time

freslimen in tili- fall of 19,)0.

A total of I,700 mv'n and women from V ') institutions were studied.

Some- of thet int nli s hav. already been given. Others Include:

1. A ne.,r majority, 49.1%, of the dropouts quit school before the

start of the svioni year. Another 27.0% dropped sometime during the

se(ond year, leaving only 26.9% to drop during the last two years of

s ( hoo I

2. The top 20% of the high school graduating class contributes 42%

(if eollege enrollees and 32% of college dropouts. That means 30.5% of

those in the top fifth of their class in high school and who went on to

(ollege will quit.

3. Referring to the students who graduate in the upper half of
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thei r t lasses tn the sfe ondary s hools in the Ulnited States, he said,

".bout one-hal f go to col lege on a tul I-t ime basis and about three-

I ourt hs of them event ual Ily receive a bac a laureate degree ," (It tert

19')8, p. 99).

4. Every e- tort t,) t in' an aot i-it ion of si|ff itient magnitude to

.supprt the hypothesis t hat "the s t ronge r a student's M I OtIvL ion, the

bettt er are hils chanes o I r'maiit Ing Iin tollege," failed. This in spite

of the ta t that the hypoth|es i s hs been ". advan(ced by many writers

And has been supported by evi dene," Iffert, 19S8, p. 29).

Katzman (1911)

Though this study appears irrelevant to the problem addressed in

this dissertation, it is nlu luded in the review of the literature for

one signititant reason. rhat is the fait that his study was performed

as ain educationa I product Ion t uii t ion where one output was retent ion of

st ut. its. thus estahl ishing a possibility for future works using the

produtct ionl urict 1,413 approach. His study 'as performed inl Boston on

e I ement a rv s i him I h II Wren t rom grades two through six in a I local

sthool dIstri(ts. Three separate areas of output (AO) were used with

eath area having two measures. One such AO was "holding power" with the

two m asures being destribed as the raite of average daily attendance and

the rate of continuation of elementary schG.jl graduates through high

school. These two measures represent retention of students. The inde-

pendent variables fit into one of three classes: (I) sthool expendi-

tures, (2) teacher and institutional inputs, and (3) social class and

racial variables. Using regression analysis techniques, he found that

elementary school resources and teacher inputs had the most significant
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impact on cont inuat ion of students through high school, (Katzman, 1971,

p. 60)..1

i'



APPI.NDIX C

DETAI l.EI) P'RO)DUCI(iON FUNCTION STIES

This ,ap endix details the works of five authors or sets of authors

Who have pefrimed a s tudy on tihe etonom (-s oI edfitation through the use

of atn e(dI it ion il pro(fIut( t i lo f iit in. It prov ides mil( h greater detail

than thaf attrihuted to those s.tidics .pji'aring in Chapter I1 in that

inputs, outputs, methodologles and results are provided, often in tabu-

lar form.

Samuel Boulf's (1970) is one of the many who have done further work

using ,Iata from the "Coleman Report. Ils protuction tuictrion was

developed using the data for black students enrolled in the twelfth

grade turing the fall of 196 . The variables he elected to use for the

empiri(al implementation of the model are depicted in Figure 11. A

total ofI thirty-six variables were tested for signtt an(t.. His est i-

mate of the statistically signi f atant portions of the educat ional pro-

dl t ilol full( t loll appears an Table 18. He cornt f rmed hi s own assert ion

(which he readily documnented), that tea her quality, as measured by

'reather's Verbal-ability Score, was the "single most important school

input" As an explanation for the small explained varian(e, Bowles

pointed to the failure to specify adequately a model of school achieve-

merit and also admitted to the shortcoming of failing to include some

important influences on learning, such as school policy or comunity

3interest in support for education.

The form and specification of the educational production function'A
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DEPENDENT VARIABLE:
Verbal achievement test scoce

INDEPENDENT VARIABLES:
Nonschool Environment

Consumer durables in the home
Reading material in the home
Parent's educational level
Foreign language at home

Urbanism of background
Preschool attendance
Number of siblings
F'amily stability

General School Environment
Proportion of students transfering in and out
Number of twelfth grade students in school
Number of foreign language courses
Comprehensiveness of curriculum
Average time spent in guidance
Promotion of slow learners
Extracurricular activities
Accelerated curriculum
Number of math courses
Length of academic day
Amount of homework
Teacher turnover
Days in session

Track tig

Teacher quality
Quality of college attended Degree received
Verbal ability score Experience
Socioeconomic status Localism
Number of absnces Salary

Teacher Quantity
Total pupils in school per total teachers in school

School Facilities
.Volumes per student in the school library

Science laboratory facilities

Student Attitudes
Student sense of control over environment
Student self-concept

Figure 11. Variables Used by Samuel Bowles

t -
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Table 18 --Produ(tioi Function Developed by Samuel Bowles

Indleldpendent Variable Coefficient t-value
I Rkeadinp material in the home 1.9284 2.5847

Number ol siblings 1,8512 4.3411

i Parents' educational level, -".4653 4.4660

amn IIly stability 0.8264 1.6938

1) fche'r 's verba I -abi I ty score I .2547 7. 1970

b. Stint lab tacilities 0.0505 2.5821

Constant 19.4576 5.1887

R 2 0.1708

X1X1 0.6628

N 1,000

alDeveloped fr(,m dati i n Howles (170, Table 5, p. 42).

.........
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'leveloped using the Coleman Report data were further tested on two

different samples of 1,000 twelfth grade students each in the North and

the South. Both test samples along with the original production

tuneiron tf 1,000 tla(k twelfth grade students are influded in Table 19.

HitS toinf lus ions are:

(I) The estimated effets of diferent schools upon scholasti

.ti ,vement are ,|1i te l imited.

( 2) A untfonrm improvement of 101 in all school Inputs would raise

achievement 1y 'c. 7 .

I ) Though h feels his results are encouraging, he also declares

that we are still a long way from estimating a satisfactory production

funt ion due t o the iabi I ty to measure or the inadequacy of output

measures.

W4 rthe major tontribution of his Iroduction function was the

su(cessfll identiiaticn of a number of School inputs which do seem to

affe(t student learning.

Jesse Burkhead, Thomas G. Fox, and John W . Holland (1967) 4 con-

dutte a unified survey of Id Chicago schools, 22 Atlanta schools, and a

subsample of 177 schoo is from the Proect TALENT sample. The unit of

analysis was the individual high school within the large-city system.

Their study had a three-fold purpose. They proposed to examine the

allocation of resources and trate relationships between allocation

levels and the resulting outputs of the schools. They wanted to explore

and measure the influence of input factors on the output of public,

education. And they suggested procedures for the measurement of input

and output relationships in public high schools. They examined Chicago

and Atlanta to determine the economic structure of education therein and

- - - Now
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Table 19 --A Comparison (of Bofwes' Dewloped Production Functions

Northern Southern

Original .Test Test
Independen t
VariabIe Coe . t-value Corr. L-va lue Coef. t-value

1. Reading

matera I In
the home 1.928 2.585 1.279 1.601 1.841 2.629

I. N umber

of siblings 1.851 4. 141 I.O 3.700 1.794 4.438

i. Parents'
0 ducat I.ona I

level 2.465 4.466 2.b5 4.626 2.185 4.181

4. Family

stability 0.826 1.694 0.899 1.675 0.823 1.858

5. lTea her's
verbal-abi i ty
sc(Pre 1. 255 7.197 0. 721 3. 193 1.097 6.5q3

0, St i e

laboratory

fatilities ().01 2.,82 0.059 2.137 0.027 1.724

7. Days in
essiOi- 0.189 1.971 - -

Constant 19.458 5.189 -2.585 -0.146 20.373 6.247

2
R 0.171 0.090 0.196

Ixxl 0.66: 0.730 0.519

t N 1,000 1,000 1,000

al)eveloped from Bowles (1970, Tables 5, A.4 and A.5, pp. 42, 54, 55).

VL

1'
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then compare their findings with the interdistrict studies based on data

from Project TALENT.

in the 1961-62 school year, there were 103,509 students in average

daily attendance in 52 public high schools in Chicago. The 39 high

schools which Burkhead et al. examined were comprehensive in nature and

enrolled about 55 percent of all Chicago high school students. They

used four separate output measures: (I) a composite test score taken

from two administrations (one each in the fall and spring) of several

aptitude and reading examinations, (2) percentage of students employed

after school hours, (3) percentage of students planning to continue

full-time education after graduation from high school, and (4) dropouts,

expressed for each high school as a ratio of voluntary dropouts to the

adjusted membership of the total studentbody.

Inputs consisted of status and school input and process variables.

The status variables were: (1) median family income, (2) median years

of education of persons twenty-five years old and older, (3) percentage

of population nonwhite, (4) percentage of high school students attending

nonpublic schools, (5) percentage of white collar workers in the male

labor force, and (6) percentage of housing classified as"unsound.

School input and process variables inclu.did: (1) building age,

substituted for the value of buildins.,"(2) teacher man-years per pupil,

(3) administrative man-years per pupil, (4) auxiliary man-years per

pupil, (5) textbook and library expenditures per student, (6) materialsVL
and supplies expenditures per student, (7) an aggregate measure of

resource input--current expenditures per pupil, (8) average class size,

(9) percentage of students enrolled in vocational classes, (10) median

teacher age, (11) median teacher experience in years, and (12)
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proportion of teachers with M.A. or higher degrees.

Correlation analysis was employed with the primary result being

that test scores as an output proved to be the most amenable to analysis

with the particular model developed. Family income was positively
4

related to reading and verbal skills. Teacher experience and teacher

salary were both associated with positive outcomes. The outputs post

high school continuation and dropout rate were less susceptible to

analysis. When using the dropout measure, family income was a sig-

niticantly negative factor. The dropout rate was not associated with

the experience of the teacher, teacher's education, or student-teacher

ratios. The size of the high school was uniformly unimportant as an

educational variable in Chicago.

The general institutional characteristics of the schools in Atlanta

were stmilar to those in Chicago. Therefore, they attempted to use the

same model as had been used in Chicago with as few changes as possible.

Of the twenty-two Atlanta schools, seventeen were for white students and

five were for black students. The white schools enrolled 16,276 and the

black schools enrolled 9,802 students. The findings in Atlanta were

also similar to those in Chicago in many respects. The major determi-

nants of school performance were factors external to the school itself,

such as family income and family housing conditions. Here, as in

Chicago, there was a high negative correlation between family income and

the dropout rate.

fV Although the Project TALENT sample consisted of 206 high schools

with 49 variables, not all observations were complete for all schools.

Therefore, Burkhead and his associates used data such that 177 high

schools could be studied. The basic data included in TALENT consisted
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of ten soCioeconomic variables, eighteen test scores, and twenty-one

school characteristics. The schools sampled in Project TALENT came from

iommunit aes havi ng a populat ion between 2, SOO and 25,000 and only one

pub II hi gh s boo].

The- output used for comparison with the previous two large-(ity

sthool districts included a twelfth grade reading test score, a dropout.

rate-, value-added approach--difterence between twelfth and tenth grade

reading scores, and ol IIege atte ndan(e (cont inuation). For inputs, the

number of books in the sthool library was used as a substitute for

library expenditures in the large-city studies.

They found that their model was ineffective in analyzing dropouts

for small communitaes, nor was it capable' of producing satisfactory

answers (onierning the continuation of high s(hool students into

college. Their study of the Project TALENT data did show tamily income,

tea(her experien(e, and teacher salary to he significant positive var-

ahles when examining the other two measures of output.

Martin T. Katzman (1971) performed a study in the Boston city

school districts using elementary school students from grades two

through six. Three separate areas of output were- used. Each area had

two measures. The first area was cognitive ability gains and was meas-

ured first by the difference in median reading scores between a specific
4

dstrit's second and sixth graders, the largest range available by

district. The second measure of cognitive ability was the median level

of math competency among fifth graders, the only group for which such

scores were available. The second area of output was previously de-

n scribed in Chapter Ii. It used the rate of average daily attendance and
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the rate of continuation of elementary graduates through high school as

the two measures of holding power. The third output area was titled

atademi( achievement. Katzman used the percent of sixth graders who

took the Latin School Exam and the percent of those sixth graders

passing the exam as the two measures of this output. Figure 12 out lines

all of the variables he used in his model.

Initially, Katzman performed six regressions, one for each output

measure of student performante, against expenditures and social class,

finding insignifitant results in all tases. As a second approximation,

student performance was regressed against all physical measures of

sthool inputs and so( ial class. rhe coeificients for these regressions

were consistently higher than for the (orresponding expenditure re-

gressions. However, at most only two inputs were significant in the

expetted dire(tion in any of the six equations.

Katzman arrived at five conclusions from this first effort.

(I) Each output measure differed significantly from the others in

the amount o.f variation explained by the production function equation

when using identital independent variables.

(2) No school input had a consistently significant coeffi(ielt in

every regression.

(i) In every regression, teacher turnover had a negative effect on

performance, and, in all but one, increasing enrollment had a positive ;

although insignificant effect on performance.

(4) There existed a positive relationship between social class and

student performance.

(5) "Either expenditures are a poor surogate for 'true' school
46

resources or that resources have little or no impact on performance."
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DEPENDENT VARIABLES:
Range (second-sixth grade) of median reading scores
Fifth grade median level math competency
Rate of average daily attendance
Rate of continuation through high school
Percent of sixth graders taking Latin School Exam
Percent passing Latin School Exam

INDEPENDENT VARIABLES:
School Resources:

Current school expenditures
Instructional expenditures

School Inputs:
Percent of teachers accredited
Percent of teachers with masters degree plus
Per(ent of teachers with over ten years experience
Percent of students in uncrowded classrooms
Pupil-to-teacher ratio
Annual rate of teacher turnover
Niumber of students per school district
Age of facilities

Social Class and Racial Variables:
median family income
White collar workers
Adult median school year
Number adults completing high school
Median contract rent
Percent white students
Percent population white

Figure 12. Variables Used by Martin Katzman

Katzman then proceded with a stepwise regression algorithm in an

attempt to select that subset of inputs which best predicts performance

as indicated by the standard error of the estimate. Such a procedure

included those independent variables whose coefficients had a t-value

greater than or equal to some prespecified value and removed those

variables already entered whose t-value fell below that same value. In

7
his words, "the 'best' regression equations were obtained." The re-

suits of his best linear model are shown in Table 20. As this procedure
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] Table 2ha--rKatzman, Best Linear Regression Model

Performance Measure1

Ai~tenul C91)tmin Rqad ing ath .T. '..
V; Irablb k- .13 R'- .40 R'=.45 R :.67 =.,)1 R 38
Acciedited 0.064 0. O ,9 . 1. 41O 0.3o9
t-value 2.000 2.981 2.472

Expe r len( ed I . 3b0 0.891 0. 102
t-val ue 1.16 1.945 1 .214

Mast ers 0.029 -0.068 -1.079 0.155
t-value 1.0h -I 619 -2.398 1.360

Turnover -0. 108 -0.074 -1.110 -1.776 -0.200 -0.241
t-vale' - i.08 -I .96 -2.018 -1.469 -1.429 -2.231

1nc rowd i ng (. 123 0.180
t -va lue 1 .494 2.609

S/T ratio -0. 110
t -vaIlue -2. 296

Enrol Iment 0.004 0.01) 0.004 0.004
t-vaIlue 4.000 1.071 1.000 1.333

ia( . ie 0.291 -0.898
t-va I ue 1.000 -1. 151

Wth. collar -0.030 0.155 1.190 1.582 0.582 0.231
t-value -1.014 3. 21 2.429 . 95 4.932 2.381

'Data adapted from Katzman (1971, Table 3.8, p. 58).

bAttend = rate of average daily attendance; Contin = rate of continu-
at ion of elementary graduates through high school; Reading = difference

in ediian reading scores; Math -- fifth grade median math score; L.T.
percent of sixth graders who took the Latin Test; anti L.P. percent
who passed the Latin Exam.

V
iY
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rl.ites to at t rnt ioii when measured lV the r-ont inuait ionl output, Katzman

1971 I . 6)) found that el ementary school resources did have an impa( t

oil .1 stu dent's cont inuat ion through high school

Charles R. L.ink and Fdward Ratledge (1979) g did research which

wo I I help n(over the importance of school iniputs versus home char-

a( Iei ist ics as determi nants of st udent performance.

The Co lemarl Report , origina]l y undertaken to examine the
extent oi rat ial ,isr imiiat ion in publ ic s(hools in the
Un ited States, generated a substant ial interest in the de-
termi nant s of at hievemetit . Unfortunately, the plethora of
(hievement-related paper% subsequent to the Coleman Report

has not prodi.ued a toisenlsus on suich crucial issues as the
importante of school inputs vis-a-vis home background as
det-terminants of student pf-rtormance on standardized tests, the
impirt.anie of alIternative educational outputs, or the proper
techtiqie's tor est imating the equation.

link and Ratledge, 1979, pp. 98-91

In the it paper, Link and katledRe examined the determinants of

reading at hievement tor 5O(0 fourth-graders in the Wilmington, Delaware

Stlhool District ( irca 1969-70. Four charateristics of their study made

it unique. first, each student's characteristics wert, matched with

those oif the. respective teacher. Se(ond, int-.','gence quotient (IQ)

information for each student in the sample was available from an IQ test

administered in the fall of 1969. Third, a reading pretest was given to

the students at the beginning of the school year, September 1969, which

allowedi the researchers to atcount for all inputs which had occurred

prior to the fourth grade. Last of all, a questionnaire was given to

the students, also at the beginning of the fourth grade year. On the

basis of those questions, variables were created representing numerous

motivational and perceptional attributes of each of the students.

These attributes represented the main contribution of this study.r. The two important variables were the student's perception of respective

...



teacher's and parents' expectat ions for that part icular student. Al I

variables were grouped into three basic classi f i( at ions: student,

teat her, and t lassroom chara terist ics. The dependent variable was the

grade equivalent st ore on the reading port ton of the California Test

Bureau Comprehensive Tests of Basic Skills which was administered to the

students at the end of the t lass year in May 1970. The input for

student I0 was based on the Cal tornia Test of Nertta! Maturity which had

been administered to the students in October 1969. The seventeen vari-

ables along with the results of the study are presented in Table 21.

The most notable finding of the Link and Ratledge study was the

tremendously significant contribution to a student's reading test score

by the student per eived expectations of parents and teachers. "This

result suggests that there exist previously untapped nontraditional

teacher inputs which may be cracial resources in the educational

process

The last study examined in detail was one performed by Alexander W.

10
Astir, (19681. This study closes the chapter because it is one of very

feu to appear on the production of higher education and it is the only

11
one to have a qualitative dimension. His study utilized a sample of

669 students drawn from the freshman classes entering a stratified

national sample of 248 ac~redited, four-year colleges and universities

in the fall of 1961. However, to be included in the study, each subject

had to have met four criteria:

(1) He must have been among the random samples of approximately 250

students at each college who were selected for a follow-up study con-

ducted in 1962.

(2) The institution of attendance was one of the thirty-eight in
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Table 2 1 --Link and Ratledge, Variables and the Coefficients

Insrniticant Variables Significant Variables
Variabe Coefficient Variable Coefficient

Description (t-value)- -- Drscription (t-value)--
Class size 0.005 Student perceived 0.506

(0.310) teacher expectations (5.240)

Teacher education:
S 0.121 Student prereading 0.603

(0.730) test score (13.460)

BS + 30 0.226 Student perceived 0.227
(0.880) parent expectations (3.130)

MS 0.367 Student IQ 0.035
(1.670) (8.410)

Teacher white 0.139
(1.520)

Teacher experience -0.003
(0.740)

Class at least -0.047
60% black (0.400)

Student white -0.168
(1.670)

Student male -0.022
(0.290)

Student preference
for race of teacher:

met 0.014 Constant = 0.891
(0.120) (1.120)

don't care 0.127 Adjusted mean R2 = 0.64
(1.200)

Student's father 0.228 S.E.E. = 0.8296
professional (1.130)

4 aData taken from Link and Ratledge (1979, Table 1, p. 106).
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the s.ample whith administered the area tests from the Graduate Record

Examinations (GHE) to its seniors in 19').

(i) The student had to he positively identified by name among those

graduates from whom GRE scores were available.

(4) The student must have taken the National Merit Scholarship

Qiual.'v:ig Test (NMSQT) while in high school, and his scores obtained

from the files of the National Merit Scholarship Corporation.

The final sample included students from thirty-eight institutions;

thirty-two ot which were liberil arts colleges, live were universities

and one was a teachers college.

The variables used included the following student inputs:

(1-6) Scores on the NMSQT - five subsets plus a (omposite score.

(7) Sex.

(8-16) High school grades, A, A-, through C.

(17) Size of high school class.

(lg8 3 5) Dichotomous scores on eighteen nonacademi( achievements.

(36) Father's educational level.

(37-52) Father's educational field.

(53-58) Student's highest degree planned.

(59-73) Intended field of study.

(74-103) Career choice.

School inputs were:

(1) Selectivity (an estimate of average academic ability of

entering students.)

(2) Per-student expenditures for educational and general purposes.

(3) Number of books in library.

(4) Number of books in library per student.

4... I
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I ' ISt udent -tai j Ilty rat jo.

P I'rent a e of I a(it It y wi th a Ph.D. degree

7 Tota I at t I ue e--average b sedi on school Input measu res two to

tt. SIX aboVe.

() )egree o, at a.dem (t compet it iveness.

9-12) Foul types of university (ontrol.

I -1 ) 'ype of Ist It lit I of).

19-22) G(egr.aphic region of the United States.

(21-2h) Type of col lege town.

(27) Undergraduate enrollment (number of students).

(28) Perentage of men in the studetitbody.

(29-14) C:urriclular emphasis.

I1)-t9) Thirty-five measures of the college environment derived

from the Inventory of College Activities.

The output measure was the individual student's score on one of the

area tests of the GRE administered in 1965,.

Astin tested two hypotheses. The first was that the academic

extellence of the undergraduate institution has a positive effect on the

student's intelle, tual achievement. Second was the extent of the

positive effect of institutional quality on intellectual achievemeent is

proportional to the student's academic ability. The first hypothesis

was concerned with the main effects of institutional excellence on

intellectual achievement. The second dealt with the interaction effects

of institutional quality and student ability on intellectual achieve-

ment. The statistical technique used to test these hypotheses consisted

of a three-stage, stepwise, linear regression procedure. During the

first stage, the 103 student-input variables entered the equation. In
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the sei ond stige, the 69 o Iege envi ronmental variables, including the

measures of institutional ex(ellence were permitted to enter. The last

stage permitted the two intera(tion terms to enter the equation. Three

such three-stage analyses were performed, one for each of the area tests

ot the GRE.

Astin w.i, onahle to find much support for the hypotheses put forth.

The" setond stage of his three-stage ai~ilysis failed to reveal any

(l,'ar-(ut pattern of institut ional characteristics which either fostered

or inhibited student achievement Regarding the individual student,

4
Astin said:

Of the student's characteristics at the time he enters
mollege, the most important single determinant of his level of

a(hievement aS a college senior was his academic ability as
measured during high school. . . Next to academic ability
and sex, the most important predictors of undergraduate a-
'hievement were the student's intended field of study and his
(areer choice at the time he entered college.

lAstin, 1968, p. 665-61

g}
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Notes to Appendix C

1. Information for this section taken from Samuel Bowles, "Towards
an Educational Production Function," in W. Lee Hansen, ed., Education,
lncome,_and Human Capital, New York: National Bureau of Economic
Research, 1970, 50-4.

2. Ibid., 43.

3. Ibid., 45.

4. Information for this section taken from Jesse Burkhead,
Thomas G. Fox, and John W. Holland, in utandOutputinLar e-ity
High Schools, Syracuse: Syracuse University Press, 1967.

5. Information for this section taken from Katzman (1971).

* 6. Ibid., 55.

7. Ibid., 57.

8. Information for this section taken from Charles R. Link and
Edward C. Ratledge, "Student Perceptions, I.Q. and Achievement,"
Journal of Human Resources, Winter 1979, XIV, 98-111.

9. Ibid., 109.

10. Information for this section taken from Astin (1968), 661-8.

11. Cohn (1979), 188.
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APPENDIX D

MULTIPLE LINEAR REGRESSION

Multiple Linear Regression techniques are used in deriving the

maximum likelihood estimator for the models in this dissertation. The

following assumptions apply:

i. The model is specified by Y = X0 + e, where Y is output and is

an n x I matrix, X represents the independent inputs and is k x a, and

e is the error term and is a x I.

ii. Xils are nonstochastic. In addition, no exact linear re-

lationship exists between two or more of the independent variables.

iii. a. The error term has an expected value = 0 and a constant

variance for all observations.

b. The errors corresponding to different observations are

not correlated.

c. The error variable is normally distributed.

Given the assumptioas i, ii, Iilia, and iiib, Gauss-Harkov applies;

i.e., the estimators are the best linear unbiased estimators, BLUE. A

When iiic is added, the estimators are the maximum likelihood estimators

(MLE) as well. The PLE of P are the values of P which would most likely

generate the observed sample observations of Yi"

The subjective results are based on the normal-gama (N-) theory

where p is a vector of random variables which is also a N-r mixture of

conditionally independent, identically distributed normals which are

distributed as a t-distribution with 2a degrees of freedom, p location

iJ' _
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of mean, and T /y variance. The subjective view of the multiple re-
0

gression model is:

If 01 X, n ~ N (o0 [T a)') and

ni X - I (a,y); it can be shown that

X, Y, n N (n(X'X + OW I Inr 0o0 + W'x J,

In(X'X + T ) and

nj X, Y ~ " (a + n/2, y + e'e/2).

The degrees of freedom are 2a, where a comes from the n j X, Y statement

and is a + n/2. The location of the mean is p, where p0 comes from

the 01 X, Y, n statement. And the variance t /y comes jointly from both
0

of those statements, where T0 is Jn(X'X + T ))"I and y is (y + e'e/2).

Therefore, the posterior of P - t (2a + n, [n(X'X + T ) -I

RTo ° 0 00+ nX41, (a + n/2)(X'X + 1 )0(Y +e'e/2). The following defi-

nitions apply to the notation used:

= coefficient values

:MLE off

P0  prior opinions of p

X matrix of independent input variables

n precision (inverse of variance)

M prior opinion of precision : 0

T 0 some constant prior opinion value~0

N normal distribution

F gama distribution

a: parameter value of r

y parameter value of r

T wmtrix of dependent output variable

a 2 number of observations

k.

F-.:)
I
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t = t-distribution

e = short notation for (Y - XP).

Of course the item of particular interest in the posterior t-

distribution is the mean location. That is:

In(X'X + T) l (nt0 0 + irX'X J.

For the USAFA, this will provide a k x I matrix representing the pos-

terior estimate of the coefficient values.

Because of the difficulty involved in eliciting prior opinions on

the variance/covariance matrix of the coefficient values, the weighting

procedure used in this dissertation is similar to those alternatives

described by Zellner (1971, pp. 41-53) for dealing with unknown, vague,

or otherwise diffuse prior opinions. Therefore, for purposes of the

subjective results of this dissertation, the posterior mean location of

is weighted by n(X'X + T X'X). The posterior mean location is speci-
0

tied as Jn(X'X + ToX'X)J -l nX'X + It ° X'X PoJ. Various constant values

of T are specified in the posterior aggregate model for the USAFA and
0

the UofUBA model. However only a value of 1 0 .01 is used on all
o

other USAFA models.

p.,.



"1 APPENDIX E

EQUATING ACT WITH SAT

Chase and Berritt undertook a study in 1961 to determine whether or

not ACT and SAT results could be compared. The study was performed

using freshmen from Indiana University. Five achievement exams; Cooper-

ative English Test: C2, Reasoning Comprehension ((0) Level and (2)

Vocabulary); the Multiple Aptitude Test ((3) Arithmetic Reasoning and

(4) Applied Science and Mechanics); and the Sequential Tests of Edu-

cationsl Progress ((5) Writing); were administered. These five tests

were called the anchor test. The class was then randomly divided into

two groups. One group took the ACT, the other the SAT. The method

employed to arrive at concordant ACT-SAT scores was to parallel ACT and

SAT scores which predicted a common ancho! test score.

Specifically, SAT score Y was found to predict anchor

test score X. Next, the ACT score Z, which also predicted
anchor score X was identified. Then SAT Y was placed con-
cordant with ACT Z.

(Chase & Barritt, 1966. p. 1051

A portion of the favorable results which they discovered is por-

trayed in Table 8 within Chapter IV.

4, 4

* 9l | |
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Notes to Appendix E

1. This appendix is not intended to reproduce either the method-
ology or the results of the Chase-Barritt study. It is only provided
as an insight into the reason why ACT and SAT can be equated with each
other. Clinton I. Chase was an associate professor of education at
Indiana University, and L. Spencer Barritt was an assistant professor
of education at the University of Michigan when their jointly authored
article appeared in The Journal of College Student Personnel, 1966.

F -i



APPENDIX F

DATA FROM USAFA

Table 22--USAFA Data

Year SC PH LD FQ FE SF
( 1000) ( 1000) (- 1000) (4 1000) (4 10) (+ 10)

1958 1.190 .678 .5550 1.6239 .1940 1.25 .57
1959 1.218 .690 .5570 1.6410 .2418 1.29 .75
1960 1.209 .694 .5469 1.5724 .1916 1.14 .70
1961 1.250 .773 .5550 1.6250 .1838 1.03 .67
1962 1.267 .687 .5420 1.6056 .2062 .99 .76
1963 1.266 .620 .5558 1.6225 .2066 1.5 .74
1964 1.277 .690 .5634 1.6365 .1961 1.03 .70
1965 1.276 .627 .5737 1.7600 .2424 1.04 .75
1966 1.277 .648 .5575 1.6359 .2468 1.13 .72
1967 1.280 .702 .5729 1.6382 .2716 1.14 .77
1968 1.269 .702 .5661 1.6322 .3084 1.29 .72
1969 1.261 .731 .5477 1.5958 .3142 1.28 .72
1970 1.238 .671 .5353 1.5956 .2593 1.24 .72
1971 1.243 .703 .5511 1.6163 .2765 1.30 .74

1972 1.246 .731 .5538 1.6141 .2875 1.24 .72
1973 1.238 .715 .5562 1.5944 .2795 1.21 .68
1974 1.235 .738 .5591 1.6084 .2896 1.19 .69
1975 1.209 .820 .5285 1.5767 .2811 1.11 .78
1976 1.197 .720 .5404 1.5728 .2934 1.09 .82
1977 1.208 .760 .5608 1.5883 .2949 1.15 .82
1978 1.212 .730 .5317 1.5913 .3271 1.19 .86
1979 1.240 .710 .5322 1.5885 .3181 1.10 .82
1980 1.219 .770 .5400 1.6094 .2924 1.07 .77
1981 1.213 .750 .5288 1.6081 .3352 1.14 .83
1982 1.216 .810 .5303 1.6174 .3376 1.16 .83
1983 1.215 .720 .5342 1.6212 .3105 1.16 .82

Statistics
mean 1.2373 .7150 .5491 1.6151 .2687 1.154 .749
a .0277 .0484 .0136 .0359 .0478 .090 .064
02 .0008 .0023 .0002 .0013 .0023 .008 .004
Median 1.2380 .7125 .5524 1.6118 .2803 1.145 .745
Range .0900 .2000 .0452 .1876 .1538 .310 .290

40
A
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Table 23--USAFA WS 
a

Year Freahan Sophomore Junior Senior Aggregate

1958 .285
1959 .436 .256
1960 668 .366 .239
1961 .693 .582 .323 .221 1.819
1962 .765 .588 .542 .305 2.200
1963 .733 .675 .555 .512 2.475
1964 .763 .615 .621 .520 2.519
1965 .929 .653 .566 .570 2.718
1966 1.004 .770 .558 .480 2.812
1967 1.019 .852 .716 .537 3.124
1968 1.017 .874 .756 .620 3.267
1969 1.186 .845 .789 .691 3.511
1970 1.383 .962 .738 .56 3.839
1971 1.414 1.131 .848 .713 4.106
1972 1.247 1.069 .960 .774 4.050
1973 1.359 .958 .891 .851 tt.059
1974 1.298 1.095 .829 .825 4.047
1975 1.514 1.106 1.009 .770 4.399
1976 1.343 1.227 .945 .935 4.450
1977 1.503 1.077 1.045 .876 4.501
1978 1.446 1.227 .960 .994 4.627
1979 1.389 1.156 1.007 .911 4.463
1980 1.392 1.124 1.014 .921 4.451
1981 1.493 1.168 .958 .901 4.520
1982 1.377 1.257 1.039 .869 4.542
1983 1.370 1.097 1.097 .966 4.530

Statistics
Nean 1.1164 .9092 .7919 .7182 3.6969

.3557 .2799 .2352 .2134 .8872

.1265 .0784 .0553 .0455 .7871
Nedian 1.2725 .9620 .8385 .7700 4.0500
Range 1.2290 1.0010 .8580 .7730 2.8080

&Adjusted number enrolled in thousands.

Vr
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Table 24--USAFA Nd

Year Freshman Sophomore Junior Senior A&Sresate

1958 29
.959 70 17
1960 86 43 18
1961 105 40 18 4 167
1962 90 33 30 7 160
1963 I18 54 35 13 220
1964 110 49 51 21 231
1965 159 95 86 53 393
1966 152 54 21 10 237
1967 145 96 96 13 350
1968 172 85 65 7 329
1969 224 107 33 8 372
1970 252 114 25 II 402
1971 345 171 74 21 611
1972 289 178 109 20 596
1973 264 129 66 7 466
1974 192 86 59 12 349
1975 287 161 74 14 536
1976 266 182 69 7 524
1977 276 117 51 9 453
1978 290 220 49 13 572
1979 265 142 86 11 504
1980 224 166 113 22 525
1981 236 129 89 25 479
1982 280 160 73 27 540
1983 291 -- 147-- 35 10 453

Statistics
mean 200.7 109.8 59.4 15.0 411.7

86.2 54.5 28.6 10.4 137.5
7433.4 2971.5 818.7 109.1 18904.6

Median 224.0 114.0 62.0 12.0 453.0
Range 316.0 203.0 95.0 49.0 451.0

!'p
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APPENDIX G

ON SERIAL CORRELATION

The procedure used to adjust the ordinary least-squares regression

procedure to obtain efficient paraneter estimates involves the use of

generalized differencing. Such a procedure alters the linear model into

one where the errors are independent. The development of the model as

shown by equation 1271 (see text Chapter IV) would be a simple matter if

the value of p were known with certainty. Because p is not usually

known a priori, three alternative procedures for estimating p have been

developed, each having certain computational advantages and disad-

1
vantages. They are (1) The Cochrane-Orcutt procedure, (2) the

Hildreth-Lu procedure,
2 and (3) The Durbin procedure.

3

The Hildreth-Lu procedure was used in this study and consists of

specifying a set of grid values for p much like simulation. For each

of the estimated p-values, the transformed equation was estimated. The

equation wiLh the smallest sum of squared residuals was selected as the

best equation. Appendix H shows the grid value selected for each

equation estimate as well as the results of all statistical procedures

which were applied.

6t
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Notes to Apendix G

1. For a complete description of the Cochrane-Orcutt procedure,
see D. Cochrane and G. H. Orcutt, "Application of Least Squares Re-
gressions to Relationships Containing Autocorrelated Error Terms,
Journal of the American Statistical Association, 1949, 44, 32-61.

2. For a complete description of the Hildreth-Lu procedure, see G.
Hildreth and J. Y. Lu, "Demand Relations with Autocorrelated Dis-
turbances," Michigan State University Agriculture Experiment Station,
Technical Bulletin 276, November 1960.

3. For a complete description of the Durbin procedure, see J.
Durbin, "Estimation of Parameters in Time-Series Regression Models,"
Jounal of the Royal Statistical Society, ser. 8, 22, 1060, 139-53. For
a more brief treatise on all three of these procedures, see Pindyck and
Rubinfeld (1981) 157-8.
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APPENDIX H

MODEL RESULTS

Table 25--Classical USAFA Freshman Model

Input Coefficient Stepwise FinishC

Variable.. . . (SE) (SE) (SE)____

NS (+ 1000) 24 8 .7a 223.6 75 1 .3a

(33) (15.6) (33)

SC ( 1000) -162.92

(264)

RS ( 1000) -70.14
(127)

PH ( 0 O) -662 b

(681)

LD (4 1000) 18 4 .74b

(213)

FQ (decimal) -39 9 .60 2b

(302.7)

FE (+ 10) 2 29 .34a 150.1
(87) (61.5)

SF ( 10) 110.22

(144)

ADJ R2  .919 .898 .992

SEE 28.916 27.54

F-Value 182.03 111.00 323.49

SSRESID 15050.11 17444.98

Durbin-Watson: 1.926

form: Yt = ;XitB i + etv i = I to 8, t 1958 to 1983.

bStatistically significant at .95 level.
Statistically significant at .60 level.
CResult of Nf equation.
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Table 26--Classical USAFA Sophomore Hodel

Input Coefficient Stepvise Finish e

Variable (SE) (SE) (SE)

NS (+ 1000) 198 2 1a 171.77 801.79a

(42) (19.13) (42)

SC ( 1000) -188.49
(232)

RS (4 1000) -13826
b

(119)

PH ( 1O00) 449.37
(525)

LD 1000) -144.04
(192)

FQ (decimal) -36 2 .86 5c
(252.8)

FE (+ 10) 149 .4 5d

(73)

SF (+ 10) 230.80c

(141)

AOJ R2  .899 .768 .995

SEE 26.19 26.23

F-Value 126.26 80.62 415.88

SSRESID 10974.66 15830.05

Durbin-Watson: 2.594

form: (t . p1t-l =(X it " PX -1 + et

i w I to 8, t = 1959 to 1983, p -.4!
tatisificant at .95 level.

, cStatisticaiiy significant at .60 level.
dStatistically significant at .90 level.
*Statistically significant at .90 level.

Result of N f equation.

_ I --T-. .... mq .... , su i l M
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Table 27--Clacsical USAFA Junior Model

Input Coefficient Stepwise Finishd

Var-iablIe (SE) -SSj

NS (+ 1000) 128.95a  116.70 87 1 .0 5a
(57) (22) (57)

SC (Z 1000) 265.45
b

(257)

RS (+ 1000) -270.45a  -371.46
(123) (106)

PH (+ 1000) -2n8.05
(527)

LD (+ 1000) 124.02
(174.)

FQ (decimal) 146.24
(303.9)

FE (4 10) -165. 4 1
c  -85.91

(103) (52)

SF (1 10) -90.32
(148)

ADJ R2  .559 .528 .990

SEE 21.862 19.665

F-Value 21.47 9.56 210.63

SSRESID 7168.49 7733.87

Durbin-Watson: 1.584

form: (Yt -pYt)I I(Xit - PXit~l)B i + et,

i = I to 8, t = 1960 to 1983, pz -.081

Statistically significant at .95 level.
bStatistically significant at .60 level.
c Statistically significant at .80 level.
diesults of Nf equation.
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Table 28--Classical USAFA Senior Model

Input Coefficient Stepvise Finishd

Variable ()(S)(Ej

NS (+ 1000) -17.91 10 17 .9 1a

(33) (33)

SC ( 1000) 298.01a  311.99
(101) (95.9)

RS (0 1000) 71 .3 3b 52.92
(78) (45.9)

PH (1 1000) -354 .4 7b -451.38
(273) (176.9)

LD (4 1000) -67.57
(98)

FQ Idecimal) 139.414
(179.3)

FE ( 10) -16.06 c  -58.54
(47) (25.4)

SF (T 10) -51.57
(78)

ADJ 02  .444 .311 .998

SEE 9.72 8.67

F-Value 9.834 3.482 1590.79

SSRESID 1322.67 1352.92

Durbin-Watson: 2.136

form: (Yt PY 1 (X PX )B +e

i = I to 8, t = 1961 to 1983, p -.11

baStatistically significant at .95 level.
ibStatistically significant at .60 level.
Statistically significant at .80 level.
d Results of Nf equation.
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Table 29--Classical USAFA Aggregate Model

Input Coefficient Stepwise Finish

Variable (SE) (SE) (SE)

NS ( 1000) 2 14 .55 a 155.7 785.44a

(43) (21.1) (43)

SC ( 1000) 2 172 72 b

(2020)

RS (1 1000) -1220. 6 4
c  -646.9

(607) (526.6)

PH (+ 1000) -2689.02
b

(2443)

LD (- 1000) -649.77
(1303)

FQ (decimal) -1204.289
d

(841.2)

FE (+ 1O) 173.91
(295)

SF (+ 10) 5 92 .85b
(447)

AD R .885 .786 .996

SEE 63.764 63.64

F-Value 191.469 41.343 547.578

SSRESID 56921.19 81003.91

Durbin-Watson: 2.373

form: ( t " PYt-) ! (Xit - Pxiti)Bi + et

i = I to 8, t =1961 to 1983, p -.22!

Statistically significant at .95 level.
bStatistically significant at .60 level.
CStatitically significant at .90 level.

statistically significant at .80 level.
eeSUlts of N f equation.

I ; I i m i |
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Table 30--Prior Opinions of USAA Models

Input Freshman Sophomore Junior Senior Aggregate
Drop (N ) Drop (N) Drop (N ) Drop (N ) Drop (N )

Variable& Coefficigat Coefficient Coefficilnt Coefficint Coefficient
NS -96.12 36.52 10.35 69.62 598.94

SC -1266.6 -1521.68 763.63 724.04 -1579.23

RS 3041.27 1868 -857.64 -803.66 1200.23

PH -68.9 -163.87 190.1 39.62 -483.47

LD -141.55 303.62 -203.71 -159.86 481.8

FQ 0 0 0 0 0

FE -75.81 194.98 -41.79 -84.55 96.13

SF 0 0 0 0 0

All variables have the same decimal place as the classical models.

'SL

| __



I I I

173

Viu.

z

! 2

' cH0

QK

4 .

inO

40 - C4

0' .~ V4 6A
fn m

'.2 t- '4 ds' I

*an

C3 0

1
he

4.A I



174

Table 328--Alternative Posterior Models
Reflecting Belief in Priors

Input b 0 =2 d =e
Variable T 0 = .5 T =!T

0 0 0 0 0

NS 214.6 342.7 40b.8 470.8 598.9

SC 2172.7 922.1 296.8 -328.6 -1579.2

RS -1220.6 413.7 -10.2 393.3 1200.2

PH -2689.0 -1953.8 -1586.3 -1218.7 -483.5

LD -649.8 -272.6 -84.0 104.6 481.8

FQ -1204.3 -802.9 -602.2 -401.4 0

FE 173.9 148.0 135.0 122.0 96.1

SF 592.9 395.2 296.5 197.6 0

This table presents posterior coefficient values for the aggregate
USAFA model when different T values are specified. It demonstrates
that 1° represents the degreg of belief in the prior opinions.

b Decimal place remains the same as it was for classical results.

CThese results are identical to the MLE coefficients found in Table 31.

dspecifylng a T = I is equivalent to specifying a posterior which is a

simple linear average between the MLE coefficient values and the prior
opinion coefficient values.

eThese results are identical to the prior opinion coefficients found in

Table 33.
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d

I,



APPENDIX I

ON HYPOTHESIS TESTING

Leamer (1978, p. 89) indicates that the significant difference

between classical hypothesis testing and the subjective view of the same

subject is one of signi ican(e. In classical hypothesis testing, a

fixed level of significance is concluded as being an acceptable method

of sumarizing the evidence in favor of or against the hypothesis.

Pindyck and Rubinfeld (1981, p. 39) announce that this level is "usually

I or 5 percent." In the subjective view, meaningful hypothesis testing

requires the signficance level to be a decreasing function of sample

size. A small demonstration on this power of the function illustrates.

Assume HO: S = S0

and H1 : S = SI are the hypotheses being tested. Figure 13

represents the possible choices for the researcher. In hypothesis

testing, one wishes to conclude that SI is true and in fact have it to

be true.

State of Nature

SO Si

I -a por

S1

Type I correct

Figure 13. Researcher Choices Available and the Respective Errors

*4l
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Therefore, I - t represents the power of the function. The greater the

power function, the better the decision rule, hence a large I - P is

more desirable than a smaller one; i.e., a smaller 0 value is more

desirable than a larger 3 value.

There are two ways in which this power of the function can be

enlarged. Because of the relationship between a and 0, one can accept a

larger a and thus decrease 0, the net effect being an increase in I - 0,

the power of the function. The second method is that of increasing the

sample size. The closer the sample comes to representing the universe,

the more likely one is to choose SI an-the real state of nature when in

fact it is true, I - 0 approaches I.

The bottom line is that researchers should not get caught-up in

always selecting a = .05 or a = .01. In fact, one should not always be

content to select a low level of significance and therefore a low pro-

bability of a Type I error. Meaningful hypothesis testing requires the

significance level to be a decreasing function of the sample size.

Because the sample size in the two sets of data studies herein are

relatively small when compared to the university world universe, the

significance level (a) can be quite large. That is the reason Appendix

N presents a-levels as high as 0.40.

.4
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